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free radicals 



. I) hydrolyses in the body and forms the hydroxy amine, which reacts with 
free radicals to form hitroxide radicals that give ESR signals. 
l-Acetoxy-3-carbamoyl-2 , 2 , 5 . . . 
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Treatment of tumor 
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Inventor: SANDSTROM R E 



Abstract (Basic) : 

... A tumor is treated by. . . 

...a) creating an elevated concentration of 
; and. . . 



free radicals 



in the tumor 



. b) creating a magnetic field that traverses the tumor and that 
inhibits the recombination of the free radicals in the tumor 
For treating a tumor . 



The inventive method creates an elevated concentration of free 
radicals in the tumor , and creates a magnetic field that traverses 
the tumor , inhibiting the recombination of the free radicals in 
the tumor , enhancing escape radical reactivity, resulting in enhanced 
tumoricidal effect... 



.The figure shows an illustration of a tumor being treated by radiation 
therapy augmented by a magnetic field... 



. . . Electromagnetic radiation {12. . . 

. . . Magnet (18 
Technology Focus: 

... Preferred Component: The free. radicals are created in the 

tumor by means of electromagnetic radiation (12); by means of an 
introduction of a chemical agent; by sound waves; or by acoustic 
cavitations. The free radical reactivity is enhanced by, 
introducing electromagnetic shielding to block ambient 
electromagnetic interference. The magnetic field is created by 
magnet (s) (18) positioned exterior to the tumor ; or by magnetic 
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...Preferred Function: The free radicals interfere with the operation 
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[57] ABSTRACT 

A method and apparatus for therapeutically treating 
cancer is provided. The apparatus includes a magnetic 
field generator for producing a controlled, fluctuating, 
directionally oriented magnetic field parallel to a prede- 
termined axis projecting through a malignant neoplasm. 
In one aspect, a field detector measures the magnetic 
flux density along the predetermined axis. The applied 
magnetic field may comprise a full-wave rectified signal 
oscillated at predetermined frequencies to maintain a 
preselected ratio of frequency to the effective flux den- 
sity, where the ratio regulates the growth characteris- 
tics of cancer cells of the neoplasm. This ratio is main- 
tained by adjusting the frequency of the fluctuating 
magnetic field and/or by adjusting the intensity of the 
applied magnetic field after nulling out the local mag- 
netic field at that region containing the neoplasm. In 
one aspect, a synergistic therapeutic cancer treatment is 
obtained by exposing cancer cells to the magnetic fields 
of the invention in the presence of a chemotherapeutic 
cancer agent. 

2 Claims, 3 Drawing Sheets 



250 




28Z 



2SC 2*4 



06/15/2004, EAST Version: 1.4.1 



United States Patent m 

Montone 



[54] METHOD FOR TREATING MALIGNANT 
CELLS 

{76] Inventor: Liber J. Montone, 9242 Vanderbilt 
Dr., Naples, Fla. 33963 

[21] Appl. No.: 3,782 

[22] Filed: Jan. 9, 1987 

Related U.S. Application Data 

[63] Continuation-in-part of Ser. No. 528,442, Sep. 1, 1983, 
abandoned. 

[51] Int. CI.* A61N 2/04 

[52] U.S. CI 600/13 

[58] Field of Search 128/1.3, 1.5; 600/9, 

600/13, 15 

[56] References Cited 

FOREIGN PATENT DOCUMENTS 

506966 8/1978 U.S.S.R 128/1.5 

1595108 8/1981 United Kingdom 128/1.5 




US005156587A 

[ii] Patent Number: 5,156,587 
[45] Date of Patent: Oct 20, 1992 



OTHER PUBLICATIONS 

Lenzi, Radiology, Sep. 1940, pp. 307-314. 
Barnothy, Medical Physics, vol. 3, 1960, pp. 61-62. 
Mansfield et al., NMR Imaging in Biomedicine, Sup. 2, 
Academic Press, N.Y., 1982. 

Harrison's Principles of Internal Medicine, 10th Ed., 
McGraw Hill, N.Y., 1983, pp. 834 and 1761-1762. 
Cramp, I-ON-A CO— The Magic Horse Collar, re- 
print from Gygeia, Feb. 1927. 

Solov'eva et al., Biomdeical Engr., vol. 7, No. 5, p. 
2914, Sep.-Oct., 1973. 

Primary Examiner — Lee S. Cohen 

Attorney, Agent, or Firm— Gregory E. Montone 

[57] ABSTRACT 

A method and apparatus for destroying or retarding 
growth of malignant cells and tumors using one or more 
coils of wire, externally applied to the body, for chosen 
periods, which are connected to an alternating current 
source to produce a low frequency sinusoidal magnetic 
field of desired intensity at the irradiated malignant 
region to be treated. 
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[57] ABSTRACT 

Apparatus for treating neoplasms in humans and ani- 
mals comprising a hollow toroidal applicator which 
resonates at a specific radiofrequency, and which pos- 
sess electrically conductive walls on which radial radio- 
frequency currents flow and generate a high density of 
uninterrupted magnetic flux within the hollow body. A 
rotatable antenna connected to a source of radiofre- 
quency power is mounted inside the applicator body to 
couple with the electromagnetic field of the applicator. 
The body part to be treated is interposed through side 
apertures or through the space created by removing a 
segment of the toroid which can have orifices of prede- 
termined cross sectional areas across which a tubular 
zone of high magnetic flux travels through the inter- 
posed tumor and normal tissue to induce more heat in 
the interposed tumor tissue than in the interposed nor- 
mal tissue. 
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[57] ABSTRACT 

A body part of an animal afflicted with malignant cells 
is disposed within a magnetic coil and subjected to a 
plurality of magnetic field pulses, the pulses having 
intensities of between about 1 and about 100 Tesla and 
characteristic frequencies of between about 5 and about 
1000 kHz. The pulsed magnetic field selectively inacti- 
vates and/or destroys malignant cells with relatively 
little damage to normal tissue as compared to conven- 
tional radiation therapy procedures. 
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A NEW-OLD TOOL FOR STUDYING AGING, TISSUE DAMAGE AND CANCER 
PR Newswire November 5, 1987 p. 1 

A NEW-OLD TOOL FOR STUDYING AGING, TISSUE DAMAGE AND CANCER 
Publication Year: 1987 

... unfold within intact, living organisms. In work described here 
today, they are adapting an existing technique called electron spin 
resonance spectroscopy, or ESR, to provide new information about aging, 

cancer and tissue damage, such as that which follows a heart attack. 
Referred to as in-vivo ESR, the new technique focuses on free radicals 

or highly reactive chemical species thought to be involved in a variety of 
biological mischief. Free radicals may be atoms or groups of atoms , 
but they always have an unpaired electron . Normally, electrons pair 
up, and their opposing spins and magnetic fields cancel each other. 

Free radicals have a detectable magnetic field that ESR picks up. 
Full text available on PTS New Product Announcements. ... 

PRODUCT NAME: Medical Imaging & Scanning; Cancer Diagnosis 
EVENT NAME: Product Design & Development; Manufacturing Processes 
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Treating cancer ith heat. 

TEXT: 

Treating Cancer with Heat 
. . . medical research centers around the world have been experimenting 

with hyperthermia, a new form of cancer therapy that uses heat to 
manipulate the precarious balance of life. Hyperthermia alters the normal 
physiological environment of tumor cells, destroying their capacity to 
survive. But while heat produces devastating structural changes in tumors 
, the damage is slight or nonexistent in nearby healthy tissues. For 
reasons not completely understood, tumors seem to be more sensitive than 
normal tissue to the killing effects of heat. 
This... 

...of fever in healing disease. Busch himself was astonished when a woman 
with a facial tumor spontaneously recovered after contracting a feverish 
infection. By the early twentieth century, an American doctor... 

...powerful adjunct to standard treatments rather than as a miracle therapy 
or "magic bullet 1 against cancer . 

Researchers have found that heat therapy improves the effectiveness 
of other forms of treatment such as radiation . While there is some 
improvement with heat alone, the combined treatment of radiation and 
heat therapy controls progression of the disease in 25 to 50 percent of 
the patients treated. This... 

. . .Armageddon 

A small change in temperature can make a remarkable difference in the 
life or death of a cell . For example, cultures of the ovary cells of a 
Chinese hamster--a favorite target of... 

...are exposed to 42.5 degrees centigrade for periods of increasing 
duration, the rate of cell killing is initially constant: each 
succeeding exposure destroys the same percentage of living cells--roughly 
90... 

...of glucose to form lactic acid. However, many cells do not experience 
this effect. 

Within tumors , it appears that blood circulation is generally more 
sluggish than in normal healthy tissue. While... 

...flush out excess heat and cool the cells down, blood slows down in 
heat-treated tumor cells. As -the blood flow in the tumor continues to 
decline, vital nutrients and oxygen are with-held from the tissues until 
they begin to die and break apart. Some scientists believe that fragments 
from dying tumor cells may escape into the blood stream and stimulate 
the immune response that leads to hyperthermia cures. There have been 



unconfirmed reports that advanced cancers have vanished in patients who 
received treatment at only one disease site. 
Cellular studies also... 

...responsible for molecular biosynthesis and cell reproduction. 

While it is not clear exactly which biochemical processes heat 
therapy affects, researchers do agree that variations in cellular pH, 
oxygen concentration, and glucose... 

...factors in treated tissues, it may be possible to protect normal cells 
while sensitizing the tumor to treatment. 

The synergistic ...are more sensitive to radiation because the 
radiation reacts with water molecules to produce energetic free radicals 

(atoms energized with an extra electron) . And these, in the presence of 
oxygen, produce poisons... 

...for survival. The failure of some radiotherapy is attributed to the fact 
that many solid tumors outgrow their blood supply, making them 
oxygen-deficient — or hypoxic — at their peripheries and thus... 

...when hyperthermia is combined with other treatments such as 
radiosensitizing drugs and chemotherapeutic agents. 
Of Tumors , Mice, and Men 

As the temperature is raised in animal tumor systems , researchers 
report an initial increase and then a rapid decrease in respiration. They 
detect a marked response when the tumors are heated to 42 to 43 degrees 
centigrade that is surprisingly similar to the results obtained with cell 
cultures. While the tumor may continue to grow for a few weeks after 
treatment, the rate of growth is less than that of the untreated control 
tumors . The tumor then begins to shrink and usually vanishes about five 
weeks after heat is applied. Interestingly, tumors are less apt to 
survive if the heat is applied locally rather than over the... 

...treatment. While early results with whole-body hyperthermia were 
conflicting, recent reports from the Mississippi Cancer Center in Jackson 
indicate some room for optimism. 

Part of the renewed interest in heat as a cancer treatment is due 
to advances in technology that have furnished the medical community with a 

...a target temperature and maintained at that temperature for a specific 
time interval. And the method must not cause undue discomfort to the 
patient during or after therapy. 
One of the . . . 

...and the current follows the path defined by the electric field. 

A difficulty with this method is that the current traces a path of 
least resistance and often fails to uniformly. . . 

...coil made of a few turns of copper tubing. The coil produces alternating 
electric and magnetic fields in the exposed tissue. Superficial heating 
of skin and underlying layers is due to the electric component of the 
field. Deeper heating is induced by eddy currents' generated by the 
magnetic component of the field . The larger the coil, the deeper the 
electric field penetrates. In this case, "a single... 

...to move the coil during therapy or to design multiple electrodes. One 
bonus of the technique is that magnetic material that couples with the 
coil's electromagnetic field may be implanted in the treated tissue in 
the form of needles or seeds. The... 



...mixtures of ferromagnetic material. If successful, radiof requency 
induction heating of such doped tissues could eradicate tumors in single 
treatments with little injury to nearby tissue. 

Microwaves have also been used and found very effective in heating 
"shallow* tumors — those near the surface of the skin. Unfortunately, 
microwaves deposit a tremendous amount of energy. . .power levels. It appears 
that high-energy sound waves may be focused on a deep tumor , such as one 
in the prostate or cervix, with greater ease and accuracy than any. . . 

...include uneven heating in the bone and loss of energy in the air, making 
the method unsuitable for heating lungs or gas-filled bowels. And some 
patients experience pain when bone .. . 

...treatment because bone, being a good conductor of sonic waves, absorbs 
excess energy. 

The hyperthermia techniques now available all have flaws. But 
technological advances should eventually provide us with more consistently 
successful methods . Even now, hyperthermia has the potential of helping 
the approximately 200,000 patients who fail to respond adequately to 
radiation treatment each year. This means that as many as 50,000 
patients or more could be... 

...which converts electrical energy into sonic waves. These high-powered 
Photo: sound waves can heat tumors deep within the body with 

greater ease and accuracy than other hyperthermia techniques . 

Photo: Abpve: The beneficial effect of heat, as interpreted by 

photographer Thomas Norton in an. . . 

...body to 107 degrees Fahrenheit. Since human tissues are relatively poor 
conductors of heat, this method is not as effective in killing tumors 
as newer electronic techniques . 

Photo: Below: Microwave heating works best against tumors on the 
surface of the skin or just below. Here a goldplated ceramic "horn 1 is... 

. . . site of disease . 

Photo: Above: Magnified 4 00 times in this photomicrograph, this 
densely packed human tumor thrives on nutrients supplied by the large 
blood vessel (the solid white part of the photo) that runs through its 
center. After hyperthermia treatment, the same tumor (top) is dying , 
its cells a mass of scarred tissue and its once healthy blood vessel 
shriveled and blocked off. 

Photo: Why cancer cells are more sensitive to heat than normal 
cells is still a matter of conjecture... 

...illustrated in this diagram, is that the vasculature (the structural web 
of blood vessels) inside tumor cells is not as efficient as the 
vasculature inside normal cells. When a normal cell... 

...increasing blood flow and flushing out the excess heat. But the 
intertwined vessels in a tumor cell are unable to get rid of heat in this 
manner and blood flow slows down. As a result, the tumor cell is deprived 
of vital nutrients and eventually dies. 
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Model for the rationalization of magnetic field effects in vivo. 
Application of the radical-pair mechanism to biological systems . 
Scaiano J C; Cozens F L; McLean J 

Department of Chemistry, University of Ottawa, Canada. 
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Model for the rationalization of magnetic field effects in vivo. 
Application of the radical-pair mechanism to biological systems . 
Jun 1994 , 

A model for magnetic field effects in biological systems is 

proposed. This model employs the basic concepts of the radical pair 
mechanism, and predicts that magnetic fields will increase the average 
radical concentration, lengthen their lifetime and enhance the probability 
of radical reactions with cellular components. The relevance of these 
effects in relation to cancer initiation, promotion and progression is 
discussed. 

; Free Radicals ; Neoplasms --etiology--ET 
Chemical Name: Free Radicals 
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Enhanced antitumor effect in the combined action of a magnetic field 
and hypothermia] 

Usilenie protivoopukholevogo effekta pri kombinirovannom deistvii 
magnitnogo polia i gipotermii. 

Lu B N; Iakupova R M; Kauashev S K 

Voprosy onkologii (USSR) 1980 , 26 (3) p55-9, ISSN 0507-3758 
Journal Code: 0413775 

Document type: Journal Article ; English Abstract 

Languages : RUSSIAN 

Main Citation Owner: NLM 

Record type: Completed 

Enhanced antitumor effect in the combined action of a magnetic field 
and hypothermia] 
1980 , 

To substantiate .some concepts of an oxygen-peroxide model of 
carcinogenesis , a number of experiments were conducted, and also the data 
were utilized previously obtained by the writers on the directed flow of 
water dissolved oxygen influenced by a permanent magnetic field . The 
observed suppressive action of the magnetic field on the growth of 
transplantable Pliss lymphosarcoma and PC-1 tumor may be accounted for 
the latter uncoupling oxygen in actively growing hyperoxic neoplastic 
cells from other participants of the direct free radical oxidation, 
spliting or minimizing in them closed cycles of reproduction of toxic 
products of lipids... 

Descriptors: Hypothermia, Induced; ^Magnetics; * Neoplasms , Experimental 
--therapy — TH; Animals; Lymphoma, Non-Hodgkin — therapy — TH; Neoplasm 
Transplantation; Rats; Time Factors 
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Influence of a constant magnetic field on the ascitic tumor sarcoma 
37] 

Deistvie postoiannogo magnitnogo polia na astsitnuiu opukhol ' sarkomu 37. 
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Abstract: Exposure of human erythrocytes photosensitized with 
hematoporphyrin dihydrochloride to a magnetic field (180 kHz, 4.6 kA/m) 
resulted in time- and hematoporphyrin-concentration-dependent lysis. The... 

...of radicals in erythrocyte lysis. Exposure not only to light but also to 
an AC magnetic field may thus enhance the efficiency of photodynamic 
tumor therapy . 
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Abstract: A biophysical model explaining how static and Extremely Low 
Frequency (ELF) magnetic fields of more than 1 mT may selectively 

interfere in cell survival processes of pathological cells (i.e., cancer 
cells) is reported. This model considers the hyperfine interaction 
mechanism on electron spin phase coherence influencing free radical 
recombination, redox signaling and corresponding cell signaling mediated 
events. The different electrical behavior of pathological... 

. . . and normal ones, is considered the cause of the selective response of 
transformed cells to magnetic fields . Thus, new frontiers in the 

treatment of diseases characterized by an alteration of cell survival... 
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ABSTRACT: The mechanisms by which an electromagnetic field (EMF) 
influences biological material are poorly understood. One potentially 
important model suggests that a magnetic field can stabilize free 
radicals in such a way as to permit their dispersement rather than their 
return to the . . . 

...fibroblast cell line, R2-lambda-LIZ . Mutant frequencies were determined 
in cells exposed to a magnetic field , cells pretreated with the 
mutagens N-methylnitrosourea (MNU) or 2-methyl-l, 4 -naphthoquinone 
(menadione), prior to being held in a 60 Hz 3 milliTesla (mT) magnetic 
field and cells concurrently exposed to the mutagens and the magnetic 
field . Menadione was selected because its mutagenic mechanism involves 
the formation of- free radicals , while MNU is an alkylating agent not 
thought to act through radical formation. According to the radical 
stabilization hypothesis the application of a magnetic field to 
menadione treated celis would accentuate the mutagenic effects. Our 
results failed to indicate that the magnetic field affects 
mutagenesis by the oxygen - radical mediated mutagen, menadione. 
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ABSTRACT: Experiments were done in 3330 rats. A study -was made of the 
effect on carcinogenesis of a constant magnetic field (CMF) . It 
appeared that under its influence carcinogenesis displayed ordinary 
stages, but had a number of differences. Sarcoma growth was accelerated. 
There was . . . 

...the latent period of development. The incidence of less differentiated 
(polymorphocellular) sarcomas was increased. Peroxide free - radical 
lipid oxidation was potentiated at all stages of the pretumor period. The 
mechanism of the effect of the CMF on carcinogenesis is discussed. 
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Abstract: The ability of static and extremely low frequency (ELF) Magnetic 
Fields (MF) to interfere with neoplastic cell function has been 
evaluated. In vitro experiments were carried out to study the role... 
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embryonal lung fibroblast). Increase in cell death morphologically 
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English Abstract 

Therapeutic delivery systems comprising gaseous precursor-filled 
microspheres comprising a therapeutic are described. Methods for 
employing such microspheres in therapeutic delivery applications are also 
provided. Therapeutic delivery systems comprising gaseous 
precursor-filled liposomes having encapsulated therein a contrast agent 
or drug are preferred. Methods of and apparatus for preparing such 
liposomes and methods for employing such liposomes in therapeutic 
delivery applications are also disclosed. 
French Abstract 

Systeme d ' administration de produits therapeutiques comportant des 
microspheres remplies d'un precurseur gazeux comportant un. . . 

Detailed Description 
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. . . entirety. 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to therapeutic delivery 

systems , and more specifically, to gaseous precursorcontaining 
microspheres comprising a therapeutic compound. 

20 The invention further relates to methods for employing such 
microspheres as therapeutic delivery systems . 

Background of the Invention 

Targeted therapeutic delivery means are 

particularly important where the toxicity of a drug is an 
25 issue. Specific therapeutic delivery methods potentially 
serve to minimize toxic side effects, lower the required 
dosage amounts, arid decrease costs... 

. and/or 

other important needs,- in the area of therapeutic delivery. 

A variety of imaging techniques have been used for 
detection and diagnosis of diseases in animals and humans. 

X-rays represent one of the first techniques used for 
diagnostic imaging. The images obtained through this 
5 technique reflect the electron density of the object being 
imaged. Contrast agents, such as barium or. . . 

.is ionizing, and the various 

deleterious effects of ionizing radiation are cumulative. 

Another important imaging technique is magnetic 

resonance imaging (MRI). This technique , however, has 

various drawbacks, such as expense and shear size of an MRI 

15 scanner. . . 

.not available at many 

medical centers. 

Radionuclides, employed in nuclear medicine, 

provide a further imaging technique . In employing this 

20 technique , radionuclides such as technetium labeled compounds 

are injected into the patient, and images are obtained from 

gamma cameras. Nuclear medicine techniques , however, suffer 

from poor spatial resolution and expose the animal or patient 

to the deleterious... 

.Furthermore, the 

25 handling and disposal of radionuclides is problematic. 

Ultrasound is another diagnostic imaging technique " 

which is unlike nuclear medicine and X-rays since it does not 

expose the patient... 

.is relatively inexpensive and may be conducted as 
a portable examination. In using the ultrasound technique , 
sound is transmitted into a patient ...are reflected by an 
interface they are detected by the -receiver in the transducer 
and processed to form an image. The acoustic properties of 
the tissues and fluids within the body. . . 

.based on gas 

35 bubbles or gas containing bodies and on the development of 



efficient methods for their preparation. 



PCT/IJS94/05633 

Ryan et al., in U-S- Patent 4,S44f54S... 
.Patents 4,684,479 and S,21S,680, 

teaches a gas-in-liquid emulsion and method for the 
production thereof from surfactant mixtures. U.S. Patent 
4,684,479 discloses the... 

.medium in air. U.S. 

Patent S,21S,680 is directed to a large scale method of 

IS producing lipid coated microbubbles including shaking a 

solution of the surfactant in liquid ...05633 

widder, in U.S. Patents 4,572,203 and 4,844,882, 

disclose a method of ultrasonic imaging and a microbubbletype 

ultrasonic imaging agent. 

Quay, in WO 93/05819, describes... 

.substantial surface activity or 

water solubility and a surfactant. Kaufman et al . also teach 
a method of using the emulsion in medical applications. 

Another area of significant research effort is in 
the area of targeted drug delivery. The methods and 
materials in the prior art for introduction of genetic 
materials to, for example, living... 

.mechanisms have been 

20 developed to deliver genetic material to living cells. These 
mechanisms include techniques such as calcium phosphate 
precipitation and electroporation, and carriers such as 
cat.ionic polymers and aqueous-filled liposomes. These 

methods have all been relatively ineffective in vivo and only 
25 of limited use for cell culture transf ection . None of these 

methods potentiate local release, delivery and integration of 
genetic material to the target cell. 
Better means . . . 

. genetic 
PCT[US94/05633 

material at the surface of selected cell membranes. A 
variety of techniques have been tried in vivo but without 
great success. For example, viruses such as adenoviruses vivo for 
cellular delivery 

of genetic material. For example, cationic liposome 

20 transfection techniques have not worked effectively in vivo-. 

More effective means are needed to improve the cellular... 

.and delivery of 
genetic material. 

SLWLzLRY OF THE INVENTION 

The present invention provides therapeutic delivery 

systems for site-specific delivery of therapeutics using gasfilled 
microspheres. The microspheres contain a temperature. 



activated. . . 
...to rupture and release the therapeutic 
compound. 

Specifically/ the present invention provides 
targeted therapeutic delivery systems comprising a 
temperature activated gaseous precursor-filled microsphere 
comprising a therapeutic compound. 

The invention also contemplates methods for the 

controlled delivery of therapeutic compounds to a region of a 

patient comprising: W. . . 

...35 to release the therapeutic compound in the region. 

In addition, the present invention provides methods 

- and apparatus for preparing temperature activated gaseous 

precursor-filled liposomes suitable for use in delivery of 

contrast agents and as drug delivery agents. Preferred 

5 methods of the present invention provide the advantages, for 

example, of simplicity and potential cost savings ... substantially devoid 

of 

water in the interior thereof prepared by the vacuum drying 
gas instillation method , without any drugs encapsulated 
therein. The data was obtained by scanning with a 7.5... 

...Acoustic Imaging' Model 5200 

scanner (Acoustic Imaging, Phoenix, Arizona), and was 
generated by using the system test software to measure 
reflectivity. The system was standardized prior to each 
experiment with a phantom of known acoustic impedance. 

FIGURE 14 . . . 

...substantially devoid 

of water in the interior thereof prepared by the vacuum 
drying gas instillation method . 

FIGURE 15 is a micrograph which shows the sizes of 
35 gaseous precursor-filled liposomes... 

...liposome diameter. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a targeted 

therapeutic delivery system comprising a temperature 

activated gaseous precursor-filled microsphere comprising a 

therapeutic compound. A microsphere is ... However , the gaseous 

precursor may be in liquid or gaseous phase for use in the 

methods of the present invention. Suitable temperature 
activated gaseous precursors are well known to those skilled. . . 

. . .upon 

entering the patient or animal, prior to use, during storage, 
or during manufacture. The methods of producing the 

...This embodiment is prepared 
by introducing the gaseous precursor to the microsphere 
during the manufacturing process . 



The gaseous precursors may be utilized to create 



stable gas-filled microspheres which are pre... 
..state. In so doing, 

the precursor converts to the gaseous state during the 
15 microemulsif ication process . In the presence of the 
appropriate stabilizing agents surprisingly stable gas-filled 
liposomes result. 

Similarly ... 5rewarming (e.g. injection in vivo) the appropriate sized gas 
liposomes then form. 

An alternate . method of entrapping the 

perf luoropentane -gaseous precursor is illustrated. A small 
quantity (0.76 - 1.54 .. . 

, . is added to an 

10 aqueous solution of lipids as described above, with a 
different method of agitation utilized. The material is 
placed in a Microf luidizer (Microf luidics , Newton, MA) and 
subject ... 

..coated with lipid and the size of the 
resultant liposomes is controlled. In a manufacturing 

process , the unentrapped perf luoropentane could be removed by 
25 several ways. Firstly, liquid perf luoropentane is dense... 

.quickly to the top of a vessel and can thereby 
be removed. A very practical method is to use filtration 
which can be performed as an in-line process during injection 
into the patient. 

A micellular formulation may be substituted for a 
liposome ( lipidoptionally with a portion 

of PEGylated lipids) . A microf luidizer process can be used 
to produce a micellular formulation of the gaseous precursor 
5 to produce . . . 

. . in 

vivo or designed to produce the gas-filled liposome in situ, 
during the manufacturing process , on storage, or at some time 
prior to use. Knowing the amount of liquid in... gaseous precursors' 
activated by temperature. 

In fact, depression of the freezing point of the solvent 

system is allows the use gaseous precursors which would 
undergo liquid-to-gas phase transitions at temperatures below 
.is 00 C. The solvent system can be selected to provide a medium 
for suspension of the gaseous precursor. For example... 

..sodium chloride, the freezing point 
can be depressed even further. 

The selection of appropriate solvent systems may be 
explained by physical methods as well. When substances, 
solid or liquid, herein referred to as solutes, are dissolved 
in... or solid solute 

necessary to depress the solvent freezing temperature to an 
25 appropriate value. 

Methods of preparing the temperature activated 
gaseous precursor-filled liposomes include. 



vortexing an aqueous suspension of gaseous 
precursor-filled liposomes of the present invention; 
30 variations on this method include optionally heating an 
aqueous suspension of gaseous precursor and lipid, optionally 
venting the vessel... 

.resulting liposomes such that a filter 
of about 0.22 gm is employed; 

a microemulsif ication method whereby an aqueous 
suspension of gaseous precursor-filled liposomes of the 
present invention are emulsified prior to the shaking gas 
instillation method . Drying-gas instillation method may be 
used to remove water from liposomes. By pre-entrapping the . 
gaseous precursor in. . . 

.50 C. 

The gaseous precursor-filled microspheres can be 
used in conjunction with such clinical techniques as 
ultrasound, microwave radiation, or electromagnetic energy to 
generate liquid to gas conversion of the. . . 

.difficult to solubilize in aqueousbased formulation. 

As one skilled in the art would recognize, this 

process of microemulsif ication, for example, gas-filled 
microsphere stabilization from temperature activated gaseous 
precursors, can be... 

.produce a wide variety of 

improved stabilized gaseous microsphere* products . 

By selecting the appropriate solvent system and 
gaseous precursor, as well as stabilizing agents, 
microspheres improved over conventional products can be 
prepared. The solvent system can be selected to provide a 
ligand medium for suspension of the gaseous precursor. As... 

.point can be depressed even further. Depression of 

35 the freezing point of the solvent system is important in that 

this allows us to use gaseous precursors which would undergo 

liquid. diffusible and less soluble in aqueous media than air or 

nitrogen, the resultant therapeutic delivery systems 

generally more stable than traditional gas or non-precursor 

based contrast agents. 

By "gas-filled. small liposome. 

The lipids also serve to stabilize the resultant microsphere 
size. In this case, techniques such as microemulsif ication 
are preferred for forming the small liposomes which entrap 
the precursor. A. .. recirculation . The gaseous precursor-filled 
microspheres may be coated such that uptake by the 
reticuloendothelial system is minimized. Useful coatings 
include, for example, gangliosides , glucuronate, 
galacturonate, guluronate, polyethyleneglycol , polypropylene 
glycol, polyvinylpyrrolidone... 
.The microspheres may also 

be coated for purposes such as evading recognition by the 
immune system . 



is In preferred embodiments, at least about 50@0o, 
preferably, at least about 75@0o...and 5 mole percent 
dipalmitoylphosphatidic acid. 

In addition, examples of compounds used to make. mixed 

systems include, but by no means are limited to 
lauryltrimethylammonium bromide (dodecyl-), 
. - 38 cetyltrimethylammonium bromide (hexadecyl . . . 

...the suspensions. A 

preferred product of the present invention incorporates lipid 
as a mixed solvent system in a ratio of 8:1:1 or ...or stabilizing 
agents are included with the gaseous precursors to formulate 
the therapeutic containing delivery system . The purpose of 
these emulsifying/stabilizing agents is two-fold. Firstly, 
these agents help to... of the above precursors may 
also be used to deliver antisense DNA or chemotherapeutics to 
tumors . It is postulated that subtle changes in temperature, 
pH, and oxygen tension are responsible f or ... different types of diseases. 
For example, 

adenosine deaminase may be provided to treat ADA deficiency; 

tumor necrosis factor and/or interleukin-2 may be provided to 
treat advanced cancers / HDL receptor may be provided to treat 
liver disease; thymidine kinase may be provided to treat 
20 ovarian cancer , brain tumors , or HIV infection; HLA-B7 may be 
provided to treat malignant melanoma; interleukin-2 may be 
provided to treat neuroblastoma, malignant melanoma, or 
kidney cancer ; interleukin-4 may be provided to treat cancer ; 
HIV env may be provided to treat HIV infection; antisense . 

25 ras/p53 may be provided to treat lung cancer ; and Factor VIII 
may be provided to treat Hemophilia B. See, for example, 
Science 258 activated in the method of the invention, 
upon the application of ultrasound to the prodrug-containing 
microspheres with the ... microspheres . 

In addition, compounds which are generally thermally 
labile may be utilized to create toxic free radical 
compounds. Compounds with azolinkages, peroxides and 
disulfide linkages which decompose with high temperature are 
preferred. . . 

. . . interaction 

of high energy sound with the gaseous precursor-filled 
microspheres to create cascades of free radicals from these 
prodrugs entrapped therein. A wide variety of drugs or 
chemicals may constitute these... 

...hydrocarbon chain, where .the double 

bond between the two nitrogen atoms may react to create free 
radical products in vivo. 

Exemplary drugs or compounds which may be used to 

35 create free radical products include azo containing compounds 
such as azobenzene, 2 , 2 1-azobisisobutyronitrile, 
azodicarbonamide, azolitmin, azomycin, azosemide... 



. 2, 4-dimethylvaleronitrile) . 



A gaseous precursor-filled microsphere filled with 
oxygen gas should create extensive free radicals with 
cavitation. Also, metal ions from the transition series, 
especially manganese, iron and copper can. . . 

.reactive oxygen intermediates from oxygen. 

By encapsulating metal ions within the microspheres, the 
formation of free radicals' in vivo can be increased. These 
metal ions may be incorporated into the microspheres as be incorporated 
into the gaseous precursor-filled microspheres to create free 
radicals on thermal stimulation. 

By way of an example of the use of prodrugs, an 
acylated. . . The size of therapeutic containing liposomes can be 
adjusted, if desired, by a variety of procedures including 
extrusion, filtration, sonication, homogenization, employing 
a laminar stream of a core of liquid introduced... 

.immiscible sheath of liquid, extrusion under pressure through 
30 pores of defined size, and similar methods , in order to 
modulate resultant liposomal biodistribution and clearance. 

The foregoing techniques , as well as others, are discussed, 
for example, in U.S. Patent No. 4,728... 
.812, pp. 55-65 (1985); U.S. Patent No. 

4,533,254; Mayhew et al., Methods in Enzymology, Vol. 14 9, 
pp. 64-77 (1987); Mayhew et al., Biochimica et Biophysica 
Acta. . . 

.utilized. Filtration may either be utilized. 

Filtration may be performed as part of the manufacturing 
process or during administration through an in-line filter. 

The gaseous precursor-filled microspheres may be sized 
as a terminal step via a filtration process . A cascade 
filter comprising two or more serial filters, 10 micron 
followed by 8 micron ... vivo . Indeed, knowing the 
expansion in microsphere diameter upon liquid to gaseous 
transition a filter system may be designed such that the 
particles or emulsion is sized via a process of 
injection/filtration. Upon transition from the liquid to 
5 gaseous phases, the appropriate sized. . . 

.of the desired diameter. 

The gaseous precursor-filled microspheres may be sized 

by a simple process of extrusion through filters. The filter 

pore sizes control the size distribution of the resulting. . . 

.more preferably the filter assembly may be 
incorporated into the syringe itself during use. This 

process may be applied using differently sized filters, such 
that differently sized microspheres result. 

The size . . . 

.To provide therapeutic delivery to organs such as the 
liver and to allow differentiation of tumor from normal 



tissue, smaller microspheres, between about 30 nanometers and 
about 100 nanometers in mean... are 
. administered 'individually, rather than, for example, embedded 
in a matrix. 

Generally, the therapeutic delivery systems of the 
invention are administered in the form of an aqueous 
suspension such as inSuitable antioxidants include tocopherol, 
ascorbic acid and ascorbyl palmitate. 
Methods of controlled delivery of therapeutic 
compounds to a region of a patient involve the steps... 

...determine the presence of the microspheres 
in the region; and 

(iii) rupturing the microspheres using ultrasound to 
release the therapeutic compound in the region. 

Using the gaseous precursor-filled microspheres of the 
present invention, ultrasonic. . . 

...the intended use. As one skilled in the 

art would recognize, administration of therapeutic, delivery 

systems of the present invention may be carried out in 
various fashions, such as intravascularly, 
intralymphatically . 

...dosage forms, one preferred 

route of administration is intravascularly. For 
intravascular use, the therapeutic delivery system is 
generally injected intravenously, but may be injected 

intraarterially as well. The microspheres of the ... magnetic field is used 
to 

create heating. This can be accomplished with an external 
magnetic field (i.e. the magnet outside the patient) and 
ferromagnetic probes implanted within the patient, e.g.' 

within a tumor . As a microspheres flow through the vessels 
within the tumor they will encounter heat in the region due 
35 to the magnetic field oscillation. The... 

...the mucosal surface of the colon) light energy can 
also be quite useful. 

The preferred method of performing site directed drug 
delivery with the gaseous precursor microspheres . is to apply 
energy. . . 

...the body temperature (e.g. 37 C) tend to accumulate within 
diseased or ischemic tissue. Tumors are often ischemic, as 
5 are infected areas of myocardium, brain, and other tissues. 

the... the 

presence of the microspheres in the region, and the 
microspheres are then ruptured using ultrasound to release 
the therapeutics in the region. 

The patient may be any type of animal, but is 
preferably a . . . 

...patient, or a particular area or portion of the 



patient. For example, by using the method of the invention, 
therapeutic delivery may be effected in a patient's heart, 
35 and a patient's vasculature (that is, venous or arterial 

systems ) . The invention is also particularly useful in 
delivering therapeutics to a patient's left heart... 

.spleen and kidney regions of a patient, as well as other 
regions, using the present methods . 
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ABSTRACT 



Therapeutic drug delivery systems comprising gas-filled 
microspheres comprising a therapeutic are described. Meth- 
ods for employing such microspheres in therapeutic drug 
delivery applications are also provided. Drug delivery sys- 
tems comprising gas-filled liposomes having encapsulated 
therein a drug are preferred. Methods of and apparatus for 
preparing such liposomes and methods for employing such 
liposomes in drug delivery applications are also disclosed. 

17 Claims, 21 Drawing Sheets 
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Detailed Description 
... techniques are. 

building up concentration gradients of the compounds to be administered; 
iontophoresis utilizing an electromagnetic field carried out both to 
increase the driving force of the administered substance and to cause... 

...of internal organs, sterilization, degassation, superficial 

eye-lens-epithelium surgery, bile-stone perforation and anti- cancer 
treatment . 



Ultrasound is also used for facilitation of transport of various 
compounds across tissues, typically. . .been reported probably since it 
results in irreversible damage to the tissue and in massive cell - death 
. Similarly, irreversible damage occurs in non-biological 
membranes of e.g., polyethylene or elastomer (for. . .be considered as not 
constituting an irreversible damage is an effect 

which should never exceed - necrosis followed by loss of the superficial 
pavement cells at the irradiated zone, i.e. a ... irradiation-activated 
compounds are several substances known to be activated by irradiation and 
to release free 

radicals . They are therefore used in medicine to cause damage to the 
surrounding tissues. Several substances are activated by light, in 
photodynamic therapy, in order to selectively destroy target tissue, 
typically neoplasmic tissue (Orenstein et aL, Br. J Cancer , 
73:937-944, (1996)). There have been reports (Miyoshi et aL, Radiat. 
Res., 143:194-202 (1995)) of cancer treatment based on the combined 
effect of a photosensitizer and ultrasound 

which apparently is capable ... appeared normal. Application of 1.5 W/CM2 
for 50 see. (Fig. 2) resulted in necrotic superficial cells. Remnants 



of outer cells are visible while cells 
positioned at a deeper level .. .mucus, 

surrounding the epithelium. Formation of holes in cell membranes and 
membranes rupturing, . up to necrosis , of the 2-3 outermost layers of 
epidermis (the outermost 20-30 
performed for . . . 
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treat 30 genetic disorders, cause mutations in the genetic material in 
various cells, such as tumor cells, and bind to or interact with 
various sites in the cells to 
cause an . . . 

...specificity, immunotoxins have been prepared that include the toxin 
conjugated to an antibody that targets tumor -associated antigens. 
Immunotoxins have had limited success as therapeutics, however, 
in part due to the inadequacy of penetration into tumor nodules and 
ineffective delivery of the toxin into cytosolic ribosomes. 

It is often difficult to... until it is trafficked to a lysosome for 
degradation . 

5 Press, 0. W. et al . , Cancer Research, 48: 2249-2257 (1988). Endosomes 
are 

membrane bound phospholipid vesicles which function in intracellular. . . 
enhancing transdermal or transmucosalpermeation 

in the presence of physical stimuli such as ultrasonic, electric or 
electromagnetic fields . 

Peptides 

Peptides which lose their charge at a lower pH and become 
hydrophobic, thereby altering. . .polyacrylic acid graft 
copolymers can be prepared, for example, by polymerizing an 
Nacryloxysuccinimide monomer via free radical polymerization, 
reacting the resulting poly- (N-hydroxysuccinimide) (poly-NHS) with a 



desired mole ratio 

of ... treatment which enhances the efficacy of the treatment, such as 
application of ultrasound, an electrical field , a electromagnetic 
field , 

iontopheresis, electroporation or a combination thereof 
Ultrasound 

Ultrasound will typically be applied using devices which... 
.of 

membrane disrupting agent can be determined empiracally, measuring 
cavitation (acoustically or by production of free radicals or 
chemical tracers such as iodine) or by measuring transport or release of 
material f rom. oxygen 

which is normally in the triplet state to singlet oxygen, which. is a 
potent cell killer . The latter is particularly effective in transport 
of cytotherapeutic drugs into tumor cells. 

II. Diagnostic and Therapeutic Agents 

Any therapeutic agent, prophylactic agent or diagnostic agent can... 

.genes encoding defective or missing proteins, or genes encoding a lethal 
protein. 

Preferred compounds for killing cells include glycoprotein-based 
toxins such as ricin, the B chain of the diptheria toxin, and cells to 
be killed -. Since these toxins bind to virtually every cell via the 
B-chain, they lack the... 

.delivered is a toxin, and the endocytosis 

enhancing agent is an antibody targeted to the cells to be killed , 
the resulting 

5 conjugate is an immunotoxin which can be effectively delivered to the 
cytosol ... 

.in the examples. When the RTA was added 

by itself to the cell culture, no cell death was noted, presumably 
due to the 

intracellular trafficking of the toxin to the lysosomes. When... 

.of the mixture (at a fixed ratio of 3/1 PPAA/RTA) lead to increasing 
cell deaths . The polymer by itself was not toxic to cells. These 
observations indicate that the polymer ... individual, or tissue of 
origin), viral antigens (in the case of virally infected 
cells), and tumor antigens. These molecules can be targeted using 
antibodies, preferably monoclonal antibodies, most preferably human 
monoclonal antibodies or humanized antibodies, or using receptor-specific 
ligands. Tumor antigens are useful as targets for antibody-conjugated 
chemotherapeutic or cytotoxic agents. These are not specific markers for 

tumor cells in most cases; rather, they are overexpressed on tumor 
cells 

compared with normal tissue, or they are found in association with normal 
fetal tissue [CEA (Gold, et al . , J. Exp. Med. 122, 467-481 (1965)), AFP 
(Abelev, Ady. Cancer Res. 14, 295-350 (1971)) or with normal progenitor 
1 5 cells of that organ in the adult (CEA) . Tumor antigens can be 
localized in 

the tumor interstitium, on the tumor cell membrane, or in the tumor 
cell 

cytoplasm or nucleus. 

Antigens that are found on cells in circulation and antigens 



expressed on tumor neovasculature are readily accessible to intravenous 
(i.v.) administered reagents. Antigens that are expressed on the surface 
of tissue or tumor cells are readily accessible to intralesional (i.l.) 
or intraperitoneal (i.p.) administered conjugates. Antigens secreted into 
the tumor interstitium are most accessible to i.l. administration. 

The membrane disruption agents can be conjugated by an alteration in cell 
activity - for example, by measuring cell death , by detection of a 
diagnostic agent, or by measuring transport of a particular analyte. The 
...polymer-protein complexes. The percentage of hemolysis was pH and 
polymer concentration dependent. 

Example 4: Cell death is enhanced when PPAA is mixed with a toxin. 

Figure 5 is a schematic of... 3 is when the endosomal pH of 5-6 triggers 
membrane lysis 

andstep4iswhentheimmunotoxinisreleasedintothecytoplasm / leading 
to cell death . 

Objective . 

Determine whether mixing PPAAc wtih ricin A chain (RTA) will 
32 

SUBSTITUTE SHEET (RULE... 
..at a ratio of PPAAc : RTA = 3: 1. 
Results. 

As shown by Figure 6, no cell death was observed when the RTA 
5 was added by itself to the cell culture, presumably. . . 

. .mixture (at a fixed ratio of 

3:1 PPAA: RTA) led to increasing numbers of cell deaths .• The polymer 
by 

itself was not toxic to cells. These results demonstrate that a mixture 

..In the past decade, localized drug treatment and gene therapy in vivo 
for disease and cancer has become a major area of research. One of the 
major obstacles for this technique... 
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(57) ABSTRACT 

Compositions and methods for transport or release of thera- 
peutic and diagnostic agents or metabolites or other analytes 
from cells, compartments within cells, or through cell layers 
or barriers are described. The compositions include a mem- 
brane barrier transport enhancing agent and are usually 
administered in combination with an enhancer and/or expo- 
sure to stimuli to effect disruption or altered permeability, 
transport or release. In a preferred embodiment, the com- 
positions include compounds which disrupt cndosomal 
membranes in response to the low pH in the endosomes but 
which are relatively inactive toward cell membranes, 
coupled directly or indirectly to a therapeutic or diagnostic 
agent. Other disruptive agents can also be used, responsive 
to stimuli and/or enhancers other than pH, such as light, 
electrical stimuli, electromagnetic stimuli, ultrasound, tem- 
perature, or combinations thereof. The compounds can be 
coupled by ionic, covalent or H bonds to an agent to be 
delivered or to a ligand which forms a complex with the 
agent to be delivered. Agents to be delivered can be thera- 
peutic and/or diagnostic agents. Treatments which enhance 
delivery such as ultrasound, iontophercsis, and/or clcctro- 
phereis can also be used with the disrupting agents. 
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Detailed Description 

Claims 

English Abstract 

. . .of time at a plurality of sites (52) distributed within the abnormal 
tissue of a tumor (22). A clinical study has shown that a substantially 
greater volume of abnormal tissue in a tumor is .destroyed by the 
extended administration of light therapy from a plurality of probes (50a 



...than would have been expected based upon the teaching of the prior art. 
In this process , a plurality of light emitting optical fibers or probes 
are deployed in a spaced apart array. The greater volume of necrosis 
(38) in the tumor (22) is achieved due to one or more concomitant 
effects, including the inflammation of damaged. . . 

...and resultant immunological response of the patient's body; and the 
collapse of the vascular system that provides oxygenated blood to 
portions of the tumor outside the expected fluency zone. 

French Abstract 

...tissu anormal dans une tumeur qu'on n'aurait. pu s'y attendre avec la 
technique utilisee jusqu'ici. Selon la technique de 1' invention, une 
pluralite de fibres optiques ou sondes emettrices de lumiere sont 
deployees . . . 

...et la reponse immunologique provoquee dans l'organisme du patient; ainsi 
que 1 1 ef f ondrement du systeme vasculaire qui amene le sang oxygene aux 
parties de la tumeur situees a 1 ' exterieur . . . 

Detailed Description 

APPLICATION OF LIGHT AT PLURAL TREATMENT SITES WITHIN 
A TUMOR TO INCREASE THE EFFICACY OF LIGHT THERAPY 
Field of the Invention 



The present invention generally relates to the use of light therapy to 
destroy abnormal tissue in a tumor , and more specifically, to the use 
of multiple light sources disposed at spaced-apart treatment sites within 
a tumor to render the therapy. 

Background of the Invention 

Abnormal tissue in the body is known. . . 

.perfused into a treatment site to a much greater extent than surrounding 
tissue. For example, tumors of the pancreas and colon may absorb two to 
three times the volume of these dyes, compared to normal tissue. Once 
pre-sensitized by dye tagging in this manner, the cancerous or abnormal 
tissue can be destroyed by irradiation with light of an appropriate 
wavelength or . . . 

.an absorbing wavelength or waveband of the dye, with minimal 
damage to normal tissue. This procedure , which is known as photodynamic 
therapy ( PDT ) , has been clinically used to treat metastatic breast 
cancer , bladder cancer , lung carcinomas , esophageal cancer , basal 
cell carcinoma , malignant melanoma, ocular tumors , head and neck 
cancers , and other types of malignant tumors . Because PDT may 
selectively destroy abnormal tissue that has absorbed more of the dye 
than normal tissue, it can successfully be used to kill the malignant 
tissue of a tumor with less effect on surrounding benign tissue than 
alternative treatment procedures . 

The effectiveness of PDT for treating tumors has become increasingly 
more evident to the medical community. Each year, numerous papers are 
published. . . 

.out to explore how PDT can more effectively be used and to better 
understand the processes by which PDT destroys abnormal cells. Much of 
the prior art discloses the use of. . . 

.a patient or to an internal site within the patient's body. Penetration 
of a tumor by the optical fiber is achieved either through a small 
incision in the overlying dermal layer, or directly, if the tumor is 
surgically exposed. 

Most applications of PDT are conducted using a single optical fiber to... 
.the fiber. 

Light emitted through the diffuser more fully illuminates a treatment 
site within a tumor in which the optical fiber has been inserted. 

Research has been conducted to measure the... of tissue (as reported in 
"In Vivo Measurement of the Optical Interaction Coefficients of Human 
Tumors at 630 nrn, " 1. Driver, CP. 

Lowdell, and D.V. Ash, Phys . Med. Biol... 

.will be effective in destroying abnormal tissue in only a relatively 
small volume within a tumor . To treat larger tumors , multiple light 
treatment sites would be expected to linearly expand the volume as a 
function . . . 

.light treatment sites used, i.e., the total volume of the effective zone 
in a tumor treated with the multiple optical 3.5 fibers should be equal 
to the product of . . . 

.the number of sites. In a paper entitled "Photodosimetry of Interstitial 



Light Delivery 

to Solid Tumors ," M.C. Fenning, D.Q. Brown, and J.D. Chapman, Medical 
Physics, Vol. 21, No . . . 

.a 2cm laterally diffusing optical fiber placed within a plastic 
brachytherapy needle implanted into a tumor . The radial falloff of 
intensity with distance from single 
fibers was used to determine light... 

.perpendicular to the single-fiber and various multiple-fiber 
configurations. 

Relative light intensities measured along tumor tracks were compared 
with those predicted by the 2D photodosimetry evaluation and were found 
to... 

.optical fiber spacings of at least one cm produced relatively uniform 
light fields ( + /- 20%) in tumor planes perpendicular to the optical 
fibers. At line 32 ...second column on page 1 155 of the paper, it is 
noted that. 

For human tumors with light attenuating properties similar to the 
R3327-H tumor , the heterogeneity of light dose in tumor volumes 
delivered by a multifiber illuminator with 1 cm spacings will be 
considerably greater than +/- 20%. Illumination of tumors by such 
procedures will produce relatively large variations in biological 
effect by interstitial PDT. Furthermore, to expose all tumor tissue 
to a minimum light dose required for a specific biological effect, 
large fractions of the tumor would of necessity be overdosed. 

While this may not seriously impact upon tumor response, it will 
limit the volume of solid tumor which can be treated with a 
specific time by a specific light source. Laser output... 

.illumination of superficial lesions 

in clinical studies to date. Nevertheless, to successfully scale up 
this procedure for the treatment of bulky human tumors , laser 
output intensity and tumor volume will determine the time required 
to deliver a curative light dose. 

The paper further concludes that more than seven optical fibers may be 
required to properly treat a tumor with PDT, to guarantee that adequate 
light is delivered, particularly to the periphery of a tumor , due to 
the rapid falloff of light at the edge of the illuminated field. The 
reference thus teaches or suggests that the effect of PDT on a human 
tumor , particularly one of larger size, will be limited to the region of 
the tumor directly viably illuminated by the plurality of optical 
fibers and implies that it will be necessary to repeat the treatment to 
different areas of the tumor by moving the plurality of the optical 
fibers so that direct illumination of a greater. . . 

.cells relies upon the conversion of molecular oxygen to singlet oxygen 
and the release of free radicals by the light activated dye. In "How 
Does 

Photodynamic Therapy Work?" by B.W. Henderson ... are vasoactive, either 
constrictive or dilatory, and it is believed that they ' induce vascular 
damage . 

Tumor necrosis factor (TNF) is also released, and it too can cause 
vascular damage. The degree of... 



.the level of the circulating photoreactive agent. This reference reports 
that 

vascular damage in a tumor microenvironment induces hypoxic tumor 
cell 

fractions. A key conclusion stated in the paper is that the "rapid shift 
of... 

.they are protected from further PDT damage due to the oxygen limitation 
of the photodynarnic processes , is potentially limiting to direct 
tumor cell photodestruction . " In essence, this statement indicates that 
efficacy of PDT in destroying tumor cells quickly diminishes after the 
light activation due to the self limiting effects of hypoxia... 

.flow to the treatment site, which is necessary to supply additional 
molecular oxygen to the tumor cells for use in generating more singlet 
oxygen. 

Also reported in the last cited reference. . . 

.days following the therapy, concurrent with severe inflammatory 
symptoms. The relative extent of abnormal cell necrosis caused by 
generation of singlet oxygen and free radicals compared to that 
■resulting from the 1 5 immune response is not clear from the... 

.treatment sites within a patient's body. 

Such probes can be implanted interstitially within a tumor to 
administer PDT for many hours or days. As necessary, repetitive infusions 
of a suitable photoreactive agent can be made to sensitize the abnormal 
cells comprising the tumor so that they are susceptible to being 
destroyed by the ...arises in regard to the efficacy of ■ such an approach 
to treating a relatively large tumor . 

In view of the teaching of the art discussed above, one would be led to 



.low intensity light sources on an interstitial probe would lack adequate 
penetration into a large tumor mass to treat more than a relatively 
small portion of the tumor - even if plural probes of this type were 
used. In addition, the prior art .suggests that extended PDT delivered to 
a treatment site will not be effective in a 

large tumor due to the hypoxia resulting from vascular damage and the 
vasculature constriction that occurs soon after the PDT commences. 

315 Application of PDT to a larger tumor would seem to require that a 
plurality of optical fibers spaced sufficiently close together and of 
sufficient number be inserted into the tumor to ensure that the light 
intensity between the optical fibers is substantially uniform throughout 
the volume of the tumor being treated. However, in view of the teaching 
of the prior -art, implanting sufficient numbers... 

.such uniform illumination does not seem to be a practical approach for 
treating a larger tumor . 

The expected effective zone of PDT would seem to be too limited due to 
the. . . 

.of light into the tissue to justify the use of PDT to treat a large 
tumor . 



Summary of the Invention 



Contrary to the suggestion of the prior art, it appears that PDT can be 
successfully used for treating larger tumor masses, and that 'the depth 
of light penetration into tumor tissue when effecting PDT is not so 
limiting as indicated in the prior art, in. . . 

.extent of the effectiveness of the therapy. 

Indeed, the effective zone of PDT in large tumors has been found to be 
much larger than the volume of the tumor into which light administered 
has previously been found to penetrate. Furthermore, the effectiveness of 
the PDT in treating a larger volume of a tumor appears to be more 
dependent upon a pattern in which light emitting sites are arrayed in the 
tumor than previously known. 

In accord with the present invention, a method is defined for 
destroying 

abnormal tissue in a tumor within a patient's body using an extended 
light therapy and at least one concomitant effect thereof. The method 
includes the step of administering a photoreactive agent to the abnormal 
tissue. The photoreactive agent... 

.the absorption waveband of the 

photoreactive agent is administered to a treatment zone in the tumor . A 
pattern in which the light is administered to the turnor defines the 
treatment zone, and this zone preferably encompasses a substantial 
portion of the tumor not penetrated by the light being administered. 
The method provides for continuing ...thereby. Furthermore, the 
extended period of light therapy indirectly destroys the substantial 
portion of the tumor that is not penetrated by the light being 
administered by inducing at least one concomitant 3.5 effect that 
destroys the abnormal tissue comprising the substantial portion of the 
tumor . 

In one case, the concomitant effect arises because the destruction of the 
abnormal tissue in the treatment zone deprives the substantial portion of 
the tumor from receiving oxygen. The abnormal tissue in the substantial 
portion of the tumor is thus destroyed due to oxygen depletion. 

In another instance, the concomitant effect arises because... 

.that is activated by the light being administered diffuses into the 
substantial portion of the tumor that is not penetrated by the light. 
This photoreactive agent that is thus activated then destroys the 
abnormal tissue in the substantial portion of the tumor not directly 
penetrated by the light. 

In yet another instance, the concomitant effect arises becau se the light 
therapy causes necrosis of the abnormal tissue in the treatment zone, 
which causes either an immune response or. . . 

.the patient's body that destroys the abnormal tissue in the substantial 

portion of the tumor not directly penetrated by the light. 

In still another instance, the concomitant effect arises because... 

.vascular collapse, stasis, or occlusion, so that blood flow to the 
substantial portion of the tumor that is not directly penetrated by the 
light is terminated, causing the abnormal tissue in that substantial 
portion to die. 

In one embodiment of the method , the light is administered through an 



optical fiber from a source that is external to the patient's body. The 
method further preferably includes the step of implanting a plurality of 
probes for administering the light into the tumor at spaced-apart 
locations within the treatment zone. In one embodiment, the light is then 



.not more than about 3 cm from each of the plurality of probes. 

In the method , the light administered to the treatment zone produces 
singlet oxygen, which depletes oxygen from the substantial portion of the 
tumor that is outside the treatment zone, causing a gradient of hypoxia 
and anoxia in that portion of the tumor , which leads to a destruction 
of the abnormal tissue contained therein.. 

The method may include further steps. Specifically, in one embodiment, 
the light is emitted into the tumor in a first direction from each of 
the plurality of probes, relative to the probe from which the light is 
emitted. Next, the method provides for terminating emission of light 
into the tumor in the first direction and emitting light into the 
tumor in a second direction from each of the plurality of probes. The 
second direction is... 

.probes. Preferably, in one embodiment, the first direction is directed 
toward a perimeter of the tumor , and the second direction is directed 
toward an interior of the tumor . By first destroying the perimeter of 
the tumor , the interior portion of the tumor is more readily 
destroyed due to the one or more concomitant effects. 

Brief Description of... 

.first embodiment of the present invention for administering light to a 
treatment 

site within a tumor in a patient's body; 

FIGURE 2 is a plan view of the tumor shown in FIGURE 1, illustrating 
the positions of probes and the radial depth to which light emitted 
thereby directly 
penetrates into the tumor ; 

FIGURE 3 is a side elevational view of a second embodiment of the 
present invention, showing the tumor with a plurality of light emitting 
implanted 

probes inserted therein; 

FIGURE 4 is a plan view of the tumor shown in FIGURE 3, illustrating 
the direct light penetration pattern for each of the probes... 

.FIGURE 7 is a schematic diagram comparing a depth of direct light 
penetration in a tumor to a depth of tumor necrosis caused by one 
or more 

secondary effects; 

FIGURE 8 is a plan view of a tumor showing a plurality of probes that 
selectively emit light in one of two different directions... 

.is selectively energized; 

FIGURE 1 IA is a schematic side elevational view of a retroperitoneal 

tumor within a patient's body that was treated in accord with the 
present 
invention; 

FIGURE 1 1 B is a plan view of the tumor of FIGURE I IA showing the 
disposition of a plurality of probes used to administer PDT to the tumor 
, the expected fluence zone, and the substantially greater expanded 
necrotic zone 
actually achieved; 



FIGURE 12 is a side elevational view of ...of light emitting probes for 
enhancing the effect of PDT in treating a large volume tumor / and 
FIGURE 13 is a side elevational view of a second pattern of light 
emitting probes for enhancing the effect of PDT in treating the large 
volume tumor . 

Description of the Preferred Embodiment 

With reference to FIGURE 1, the present invention is illustrated in 
connection with treating a tumor 22 that is disposed within a patient's 
body 20. 

Tumor 22 is relatively large, having a length of approximately 7 to 10 
cm and a transverse width of about 7 cm in this exemplary illustration. 
The tumor is disposed below a dermal layer 24, for example, within the 
patient's abdominal cavity. 

In the present invention, PDT plays an important role is destroying 

abnormal tissue comprising tumor 22. As is done when rendering 

conventional PDT, a photoreactive agent is administered to the... 

.by in.ection and is selectivel preferentially absorbed" by the abnormal 

tissue of 

i y 

tumor 22. Thereafter, using a surgical procedure to access tumor 2-2 
through dermal layer 24, or using an endoscopic procedure with 
minimally invasive impact, a plurality of optical fibers 30a-30e are 
inserted into the interior of tumor 22 in a spaced-apart array so that 
the optical fibers are arranged in a pattern that is more likely to 
increase the effectiveness of the therapy administered to the tumor . A 
laser light source 26 produces light lying within the light absorption 
waveband of the... 

.optical fibers to their distal ends, which have been inserted 
interstitially into the interior of tumor 22. 

In the embodiment illustrated in FIGURE 1, cladding 32 is removed from 
approximately the... 

.through the sides and through the distal ends of the optical fibers 
inserted into the tumor . Light emitted by the exposed distal ends of 
each of these optical fibers penetrates tumor 22 to an effective depth 
of less than 1.5 cm. The penetration depth of the emitted light into the 
tumor determines a generally cylindrical expected f luence zone 
exposed portions of cores 34 from 

which the cladding has been removed are inserted into tumor 22, 
generally forming a circle in which the expected fluence zones 36 around 
each optical ... 

.each of the optical fibers and partly by the nature of the abnormal 
tissue in tumor 22. Measurements in the prior art indicate that for 
most tumor tissue, the maximum effective depth of light penetration (at 
a wavelength of 600 - 700 nm) within tumor tissue is less than 1.5 cm. 
Furthermore, the effective depth of the expected fluence... 

.conventional PDT, light at relatively high intensity is delivered to a 
treatment site within a tumor through one or more optical fibers for a 
relatively short period of time, typically much... 

.to be limited to the expected fluence zones, i.e., to the volume of the 
tumor directly illuminated by the light emitted from the optical 
fiber(s). In contrast, in the... 



.additional photoreactive agent may be administered to the patient, 
depending upon the size of the tumor , the type of photereactive agent 
used, and other conditions unique to each patient. 

By administering. . . 

.using the plurality of optical fibers shown in FIGURES I and 2, a 
substantially expanded necrotic zone 38 in tumor 22 should be 
achieved in which the abnormal tissue well outside the expected fluence 
zones of each of the optical fibers is destroyed. 

The substantially greater volume of necrotic zone 38 in tumor 22 is 
believed to be due to one or more causes that . . . zones around each 
optical fiber is destroyed due to one or more other factors or processes 
that differ from the process involved in conventional short-term PDT. 

The extended duration PDT of the present invention is... 

.extended period of light therapy is not triggered by the presence of 
abnormal tissue in tumor 22, it is believed that the extended period of 
light therapy administered under the present... 

.tissue outside the expected fluence zones is attacked and destroyed by 
the patient's own system . 

Another possible cause for the expanded volume in which necrosis of the 
abnormal tissue in tumor 22 will occur in connection with the present 
invention is the oxygen depletion outside the. . . 

.zones that arises due to the generation of singlet oxygen as light is 
administered to tumor 22 through the optical fibers. Since the light is 
administered for an extended period of... 

.expected fluence zones, causing a gradient of hypoxia' and anoxia in the 
portion of the tumor that is not directly illuminated by light. This 
continuing photodynamic 

transformation of molecular oxygen to. . . 

.produced in the expected fluence zones diffuses or circulates into the 
larger volume of the tumor outside these zones. 

Another possible cause of the expanded necrotic zone achieved by the 
present invention is the spread of activated photoreactive agent from 
within the expected fluence zones into other portions of the tumor 
outside these zones. Once activated by light administered during the 
extended period of light therapy... 

.agent diffuses and circulates outside the expected fluence zones and 
into other portions of the tumor , where it may destroy abnormal tissue. 
It is believed that the photoreactive agent that has... prior art has 
taught should not be possible. 

A further possible cause of the expanded necrotic zone obtained with 
the 

present invention is a vascular stasis, collapse, or occlusion occurring 
outside . . . 

.has not previously been observed or disclosed as giving rise to an 
expanded volume of necrosis in a tumor following an extended period 
of light therapy. 



There is another possible explanation for the much... 

.destroyed in accord with the present invention. Light applied to the 
abnormal tissue in the tumor is likely to be scattered along random 
paths within the tissue that may penetrate to. . . 

.to have much effect when administered for the 

relatively short duration of a conventional PDT procedure , but may have 
a much more pronounced effect when delivered for the extended duration of 

.conversion of molecular oxygen to singlet oxygen occurs at a much 
greater depth within the tumor than the expected fluence zone would 
indicate . 

The present invention is clearly not limited to. . . 

.light source, an arc lamp, or other source of light that is conveyed to 
a tumor through an optical fiber (or light pipe), or is disposed on a 
probe that is inserted into the tumor . Since the light is administered 
to the tumor for an extended period of time, it is generally preferable 
to implant the source of the light directly into the tumor at a 
plurality of ...a plurality of LEDs or other light sources disposed 
therein are preferably implanted within the tumor and energized using 
an implanted power source. An implanted conductive coil can be energized 
by... 

.an external coil connected to an alternating current source, or by 
otherwise producing a varying electromagnetic field outside 
the patient's body that is coupled to the implanted coil. U.S. Patent... 
.herein by reference. 

FIGURE 3 illustrates implanted probes 50a-50e, which have been inserted 
into tumor 22 in a generally circular pattern. As shown more clearly in 
FIGURE4, each of probes50a... 

.or extended period of time that enables abnormal tissue in a 
substantially larger volume comprising necrotic zone 38 of tumor 22 
to be destroyed. Necrotic zone 38 includes central zone 56, which is 
surrounded by expected fluence zones 52. Each... 

.aspect of the present invention relates to the effect on central zone 56 
of the necrosis of abnormal tissue occurring in expected fluence zones 
52 due to PDT. Since these expected ... be destroyed due to oxygen and 
nutrient starvation. However, since the present invention will produce 
necrotic zone 38 that extends radially outward of the expected fluence 
zones, the present invention is... 

.an expected fluence zone I 10 extending 

approximately 1.5 centimeters, and a depth of tumor necrosis 112 that 
is greater than five centimeters in accord with the present invention. 
Optical fibers 98, light can be directed toward the interior of a tumor 
, and light directed toward the periphery of the tumor can be 
minimized, thereby 3.5 avoiding exposure of normal tissue outside the 
limits of the tumor to the light. 

The directional emission of light from optical fibers 90 and 98 can... 
.the extended period in accord with the present invention. 



With reference to FIGURE 8, a tumor 120 is illustrated in a plan view; 
a 

plurality of probes 122 that emit light of an appropriate waveband have 
been implanted in spaced-apart array within the tumor , generally 
defining a circle. 

Each of probes 122 includes two separately energizable groups of light... 

.light rays 126 are emitted that are generally directed toward the 
perimeter or periphery of tumor 120. As a further aspect of the present 
invention, it is contemplated that by initially administering light rays 
126 directed towards the periphery of the tumor , destruction of the 
abnormal tissue comprising tumor 120 will occur first around the 
periphery of the tumor . Thereafter, light sources 124b are energized, 
and light sources 124a are de-energized. Light sources 124b emit light 
rays 128 that are directed toward the inner portion of tumor 120. 
Necrosis of the abnormal tissue around the periphery of the tumor 
should tend to cause vascular stasis, collapse, or occlusion of the 
vascular structure providing oxygenated blood to the inner portion of 
tumor 120. 

Accordingly, the extended light therapy provided by light rays 128 should 
continue the destruction of abnormal tissue within the interior of tumor 

120 and the actual necrotic zone will be extended as a result of one 
or more of the 

concomitant factors discussed above. An enhanced necrosis volume within 

tumor 120 is thus achieved using this two pronged light therapy. As a 
further benefit, less... coil, electromagnetically coupled to an external 
source of power, as noted above. 

FIGURE 10 illustrates tumor 120 in which probes 180 are inserted 
generally in a radial direction within the tumor . Probes 180 each 
include a first set of LEDs 186 that are disposed adjacent an... 

.from each of probes 180 in the region radially closer to a perimeter 130 
of tumor 120. After the photoreactive agent absorbed by tumor 120 has 
been activated to destroy abnormal tissue adjacent the periphery of the 
tumor , first set of LEDs 18 6 are de-energized, and second set of LEDs 
188 are energized, emitting light rays 194, which are incident on the 
inner portion of tumor 120. The concomitant factors occurring as a 
result of the extended duration of light therapy provided by light rays 
192 and 194 thereby destroy substantially all of tumor 120, even though 
the total volume of tumor 120 is substantially greater than the 
expected fluence zone for the light sources on probes... 

.connection with an actual in vivo clinical test on a patient to treat a 
retroperitoneal tumor 200, generally 

shaped as shown in FIGURES II A and II B . Tumor 200 had been treated 
previously with chemotherapy and with radiation therapy . Also, 
attempts had been made to surgically remove it, but tumor 200 had been 
resistant to each of these conventional forms of treatment. In fact, at 
the time the clinical study was undertaken, tumor 200 had grown through 
a dermal layer 202 so that . . .probes 206 and two probes 203 were 
initially inserted into protruding portion 204 of the tumor . 

Since this portion of the tumor was fully exposed, it was not -necessary 
to surgically or endoscopically implant probes 206 and. . . 
.hours prior to energizing probes 206 and 208. Probes 208 were 
inadvertently pulled from the tumor and were de-activated after 
approximately 18 hours, leaving the remaining four probes 206 in... 



. total of 48 hours . 



Four weeks following the administration of the extended light therapy to 

tumor 200, necrosis in the protruding portion was observed up to 
approximately five centimeters away from the point where the nearest 
probe had been disposed. 

The maximum depth of the necrosis within protruding portion 204 was 5 
cm 

beyond the distal tip of any of the probes. Thus, the extent of the 
necrosis observed in tumor 200 was substantially and. unexpectedly 
greater than would have been expected based upon the teachings of the 
prior art. This extensive 

volume of necrosis is believed to have been caused by one or more of 
the 

concomitant factors discussed above. The substantially greater volume of 

necrosis , extending both radially and in depth well beyond the expected 
f luence zones of the probes . . . 
. . . zones . 

FIGURES 12 and 13 illustrate two further exemplary configurations for 
placing probes within a tumor 220. In these exemplary configurations, 
the abnormal tissue comprising the tumor is treated with an appropriate 
photoreactive agent prior to administration of the extended light therapy 

...inwardly extending distal ends. 

A probe 222d is inserted generally within the central region of tumor 
220, adjacent its upper surface. Leads 224 extend from the probes to a 
remote power source (not shown) for energizing the probes so that they 
emit light into the tumor . 

By positioning probe 222d transversely within the central portion of the 
tumor , the light pattern provided by the probes should enhance the 
volume of necrosis resulting from one or more of the concomitant 
factors discussed above. The interior of tumor 220 should be deprived 
of oxygen due to the destruction of the vascular system surrounding it 
and this factor should also enhance the destruction of abnormal tissue 
resulting from the exemplary configuration of 

probes 226a-226.e within tumor 220 shown in FIGURE 13. Again, leads 224 
couple these probes to a remote power source (not shown) . In this 
embodiment, each of the probes are generally inserted into tumor 220 so 
that their longitudinal axes are generally parallel with each other. 
Probe 226c is inserted into the center of tumor 220 and includes light 
sources adjacent its proximal -and distal ends that are energized to... 

...of the surrounding abnormal tissue. The oxygen and 

nutrient supply to the internal portion of tumor 220 is thus cut off 
due to the necrosis of the vascular system around the periphery of 
the tumor . 

It will be apparent that the probes and leads in the above examples may 
be . . . 

Claim 

I . A method for destroying abnormal tissue in a tumor within a 
patient's body using an extended light therapy and at least one 
concomitant ... 



..and having a characteristic absorption 
waveband; 

(b) administering light to a treatment zone in the tumor that is 
determined by the penetration depth of the light into the tumor along a 
direct path, said light having a waveband corresponding to the absorption 
waveband of the photoreactive agent, a pattern in which said light is 
administered to the tumor defining a shape of the treatment zone so 
that the treatment zone encompasses a substantial portion of the tumor 
not penetrated by the light being administered 
along a direct path and is thus outside... 

..absorbed thereby, said extended period of light therapy indirectly 
destroying said substantial portion of the tumor that is not penetrated 
by the light being administered by inducing said at least one concomitant 
effect that destroys the abnormal tissue comprising said substantial 
portion of the tumor . 

2 The method of Claim 1, wherein destruction of the . abnon-nal tissue 
in the treatment zone deprives said substantial portion of the tumor 
from receiving oxygen, said abnormal tissue in said substantial tissue 
thus being destroyed due to oxygen depletion. 

3 The method of Claim 1, wherein the photoreactive agent in the 
treatment zone that is activated by the light being administered thereto 
diffuses into said substantial portion of the tumor that is not 
penetrated by the light, said photoreactive agent that is thus activated 
being operative to destroy the abnormal tissue in the substantial portion 
of the tumor . 

4 The method of Claim 1, wherein the light therapy causes necrosis 
of the abnormal tissue in the treatment zone, which causes one of an 
immune response. . . 

..the patient's body that destroys the abnormal tissue in said substantial 
portion of the tumor . 

5 The method of Claim 1, wherein destruction of abnormal tissue in 
the treatment zone causes one of vascular collapse, stasis, and 
occlusion, so that blood flow to said substantial portion of the tumor 
is interrupted, causing the abnormal tissue in said substantial portion 
to die. 

6 The method of Claim 1, wherein the light is administered through 
an optical fiber from a source that is external to the patient's body. 

7 The method of Claim 1, further comprising the step of 
implanting a plurality of probes for administering the light into the 
tumor at spaced-apart locations within the treatment zone to determine 
the shape of the treatment zone. 

8 The method of Claim 7, wherein ...at 

least one light source included on each of the plurality of probes. 

9 The method of Claim 7, wherein the light is delivered to the 
plurality of probes through a... 

..fibers from a source that is external to th e patient's body. 

10 The method of Claim 7, wherein the depth at which light from each 
of said plurality of probes penetrates the tumor in the . treatment zone 



is not more than about 3 cm. 

11 The method of Claim 1, wherein the light administered to the 
treatment zone produces singlet oxygen, which depletes oxygen from said 
substantial portion of the tumor , causing a gradient of a hypoxia and 
an anoxia in said substantial portion of the tumor that leads to a 
destruction of the abnormal tissue in said substantial portion of the 
tumor . 

. The method of Claim 7, further comprising the steps of: 

(a) emitting light into the tumor in a first direction from each of 
the plurality of probes, said first direction being. . . 

..is emitted and not necessarily identical for each probe; 

(b) terminating light emission into the tumor in the first 
direction; and 

(c) emitting light into the tumor in a second direction from 
each of the plurality of probes, said second direction being. . . 

..first direction for each of the probes from which the light is emitted. 

13 The method of Claim 12, wherein the first direction is toward a 
perimeter of the tumor , and the second direction is toward an interior 
of the tumor , light emitted in the first direction causing destruction 
of the abnormal tissue toward the perimeter of the tumor from each . 
probe, which improves an efficacy with which the light emitted in the 
second direction destroys the abnormal tissue. 

14 A method for destroying abnormal tissue in a tumor within a 
patient's body using an extended light therapy that induces necrosis of 
the abnormal tissue beyond a zone over which the light therapy is 
administered, 

comprising the steps of: 

(a) administering a photoreactive agent' to the abnon-nal tissue 

of the tumor , said photoreactive agent being preferentially absorbed by 

the abnormal tissue rather than by normal tissue... 

..administering light to the abnormal tissue at a plurality of 
spaced-apart sites within the tumor through a plurality of probes that 
are inserted within the tumor , light from said plurality of probes only 
penetrating the abnormal tissue within a treatment zone comprising a 
limited volume of the tumor , said 

light being within the characteristic light absorption bandwidth of the 
photoreactive agent, said light activating the photoreactive agent to 
destroy the abnormal tissue illuminated by the light by a process of 
photodynamic therapy; 
and 

(c) continuing the administration of light through the plurality 
of probes inducing a secondary effect that causes necrosis of the 
abnormal tissue outside the treatment zone, in a. region of the tumor 
that is not penetrated by the light traveling in- a direct path. 
. The method of Claim 14, wherein the probes are inserted into the 
tumor in a pattern that at least partially surrounds said region of the 
tumor .that is not penetrated by the light traveling in a direct path, 
destruction of the... 

..the photodynamic therapy causing one of a vascular stasis, collapse, 
and occlusion that induces the necrosis of the abnormal tissue outside 
the treatment zone. 

16 The method of Claim 14, further comprising the step of directing 
the light from the plurality of... 



.predefined direction to limit administration of the photodynamic therapy 
to a defined portion of the tumor . 



17 The method of Claim 16, wherein the step of directing comprises 
the step of providing a reflective... 

.of the probe to limit administration of the light in the predefined 
direction. 

18 The method of Claim 14, wherein destruction of the abnormal 
tissue in the treatment zone due to the photodynamic therapy induced 
necrosis of the abnormal tissue outside the treatment zone due to one of 
an immune response and an inflammation. 

19 The method of Claim 14, wherein the necrosis of the abnormal 
tissue outside the treatment zone is induced as a result of an. . . 

.formation of singlet oxygen in the treatment zone during the extended 
treatment period. 

20 - The method of Claim 14, wherein the necrosis of the abnormal 
tissue outside the treatment zone occurs due to a diffusion and 
circulation . . . 

.the light enabling it to destroy the abnormal tissue outside the 
treatment zone. 

21 The method of Claim 14, wherein the plural, ty of probes emit light 
that is produced by at least one light source on each of the plurality of 
probes . 

22 The method of Claim 14, wherein the plurality of probes are each 
coupled to a source of... 

.patient's body by a different one of a corresponding plurality of 
optical fibers. 

. The method of Claim 14, wherein a plurality of spaced-apart light 
sources are included within each of the plurality of probes. 

24 The method of Claim 23, where different ones of the plurality of 
light sources on at least... 

.the plurality of light sources that emit. light in a second predefined 
direction . 

25 The method of Claim 14, wherein the plurality of probes are 
transcutaneously inserted into the tumor . 

26 The method of Claim 25, further comprising the step of energizing 
the plurality of probes from an external source of power by 
transcutaneous transfer of energy. 

27 The method of Claim 14, further comprising the step of alternating 
a direction in which the light is administered to the tumor from each 
probe between at least a first and a second direction during the extended 
treatment period, said first direction being substantially different than 
the second direction. 



28 The method of Claim 27, wherein the light is only administered in 
one of the first and. . . 



.invention in which an exclusive right is claimed is defined by the 
following : 

1 A method for destroying abnormal tissue in a tumor within a 
patient's body using an" extended light therapy and at least one 
concomitant ... 

.aving a c aracteristic sorption 
waveband; 

(b) administering light to a treatment zone in the tumor to a depth 
that 

is determined by the penetration depth of the light into the tumor 
along a direct path, said light having a waveband corresponding to the 
absorption waveband of the photoreactive agent, a pattern in which said 
light is administered to the tumor defining a shape of the treatment 
zone, the treatment zone encompassing a substantial portion of the tumor 

not penetrated by the light being administered 
along a direct path; and 

(c) continuing to... 

.absorbed thereby, said extended period of light therapy indirectly 
destroying said substantial portion of the tumor that is not penetrated 
by the light being administered by inducing said at least one concomitant 
effect that destroys the abnormal tissue comprising said substantial 
portion of the tumor . 

2 The method of Claim 1, wherein destruction of the abnormal tissue 
in the treatment zone deprives said substantial portion of the tumor 
from receiving oxygen, said abnormal tissue in said substantial tissue 
thus being destroyed due to oxygen depletion. 

3 The method of Claim 1, wherein the photoreactive agent in the 
treatment zone that is activated by the light being administered thereto 
diffuses into said substantial portion of the tumor that is not 
penetrated by the light, said photoreactive agent that is thus activated 
being operative to destroy the abnormal tissue in the substantial portion 
of the tumor . 
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(57) ABSTRACT 

Light is administered during photodynamic therapy (PDT) 
for an extended period of time at a plurality of sites 
distributed within the abnormal tissue of a tumor. A clinical 
study has shown that a substantially greater volume of 
abnormal tissue in a tumor is destroyed by the extended 
administration of light therapy from a plurality of probes 
than would have been expected based upon the teaching of 
the prior art. In this process, a plurality of light emitting 
optical fibers or probes are deployed in a spaced-apart array. 
After a photorcactivc agent is absorbed by the abnormal 
tissue, the light therapy is administered for at least three 
hours. The greater volume of necrosis in the tumor is 
achieved due to one or more concomitant effects, including: 
the inflammation of damaged abnormal tissue and resultant 
immunological response of the patient's body; the diffusion 
and circulation of activated photore active agent outside the 
expected fluence zone, which is believed to destroy the 
abnormal tissue; a retrograde thrombosis or vascular occlu- 
sion outside of the expected fluence zone; and, the collapse 
of the vascular system that provides oxygenated blood to 
portions of the tumor outside the expected fluence zone. In 
addition, is possible that molecular oxygen diffusing and 
circulating into the expected fluence zone is converted to 
singlet oxygen during the extended light therapy, causing a 
gradient of hypoxia and anoxia that destroys the abnormal 
tissue outside the expected fluence zone. 
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Detailed Description 

Claims 

English Abstract 

Disclosed are therapeutic methods for the treatment of diseased, 
disease-causing, or undesirable tissue or material that involve the... 

...of an alternating magnetic field to inductively heat the 

thermotherapeutic magnetic composition. Also disclosed are methods for 
administration of the thermotherapeutic magnetic composition. These 
therapeutic methods may be used where the predetermined target is 
associated with a disease, such as cancer , diseases of the immune 
system , pathogen-borne diseases, obesity, hormone-related diseases, 
Alzheimer's disease, disease precursor, and undesirable materials... 




French Abstract 

...a l'endroit ou la cible predeterminee est associee a la maladie, telle 



qu'un cancer , des maladies du systeme immunitaire, des maladies 
transmises par des agents pathogenes, l'obesite, des maladies hormonales, 
la maladie . . . 

Detailed Description 

thermotherapy, more specifically, to magnetic material compositions, 
devices for use with magnetic material compositions, and methods 
related thereto for thermotherapy via targeted delivery of nanoscale 
magnetic particles. 

BACKGROUND 

The time between ... normal functions of healthy tissue or have other 
unwanted side effects. 

One such disease is cancer . Despite considerable research effort and 
some success, cancer is still the second leading cause of death in the 
United States, 

Claim 

more stressful course of therapy and may complicate patient compliance 
with prescribed therapies. Further, some cancers defy currently 
available treatment options, despite improvements in disease detection. 
Of the many fonns of cancer that still pose a medical challenge, 
prostate, breast, lung, and liver claim the vast majority of lives each 
year. Colorectal cancer , 

ovarian cancer , gastric cancer , leukemia, lymphoma, melanoma, and 
their 

metastases may also be life-threatening. Conventional treatments for 
breast cancer , for example, typically include surgery followed by 
radiation and/or chemotherapy. These techniques are not always 
effective, and even if effective, they suffer from certain deficiencies. 
Surgical procedures range from removal of only the tumor (lumpectomy) 
to 

complete removal of the breast. In early stage cancer , complete removal 
of the breast provides the best assurance against recurrence, but is 
disfiguring and difficult choice. Lumpectomy is less disfiguring, but is 
associated with a greater risk of cancer recurrence. "Radiation 
therapy and chemotherapy are arduous and are not completely effective 
against recurrence. Treatment of pathogen-based ... delayed, rather than 
halted. 

For these reasons, it is desirable to provide improved and alternative 

techniques for treating disease. Such techniques should be less 
invasive and traumatic to the patient than the present techniques , and 
should only be effective locally at targeted sites, such as diseased 
tissue, pathogens, or other undesirable matter in the body. Preferably, 
the techniques should be capable of being performed in a single or very 
few treatment sessions (minimizing. . . 
...a rapidly expanding type of therapy used for treating a 

variety of human diseases including cancer , for example. The FDA has 
approved a number of antibody-based cancer therapeutics. The ability 
to engineer antibodies, antibody fragments, and peptides with altered 
properties (e.g., antigen binding affinity, molecular architecture, 
specificity, valence, etc.) has enhanced their use in 

therapies. Cancer immunotherapeutics have made use of advances in the 
chimerization and humanization of mouse antibodies to... has a desired 
antigen binding affinity and specificity, and minimal immune response. 
The field of cancer immunotherapy makes use of markers that are 
overexpressed by cancer cells (relative to normal cells) or expressed 
only by cancer cells. The identification of such markers is ongoing and 
the choice of a ligand/marker ... attaching them to an immunological cell 



effector (bispecific antibodies) . Although armed antibodies have shown 
potent tumor activity in clinical trials, they have also exhibited 
unacceptably high levels of toxicity to patients preferable.) These 
therapies often cause damage to non- tumor cells and present toxicity 
issues and delivery challenges. For example, cancer cells commonly shed 
surface-expressed antigens (targeted by immunotherapeutics ) into the 
blood stream. Immune complexes... 

.based therapies are diluted by interaction with these shed antigens 
instead of interacting with the cancer cells themselves, reducing the 
true delivered dose. Temperatures in a range from about 40 1 C ... destroyed 
via exposure to locally-high temperatures. Hyperthermia may hold promise 
as a treatment for cancer because it induces instantaneous necrosis 

(typically called "thertno-ablation" ) and/or a heat-shock response in 
cells (classical hyperthermia), leading to cell death via a series of 
biochemical changes within the cell. State-of-the-art systems that 
employ radiof requency (RF) hyperthermia, such as annular phased array 
systems (APAS) , attempt to tune E-field energy for regional heating of 
deep-seated tumors . Such techniques are limited by the 
heterogeneities of tissue electrical conductivity and that of highly 
perfused tissue... 

.desired areas. These factors make selective heating of specific regions 
with such E-field dominant systems very difficult. Another strategy 
that utilizes RF hyperthermia requires surgical implantation of microwave 
or RF...for treatment of metastases because it requires knowledge of the 
precise location of the. primary tumor . The seed implantation strategy 
is thus incapable of targeting undetected individual cancer cells or 
cell clusters not immediately adjacent to the primary tumor site. 
Clinical success of this strategy is hampered by problems with the 
targeted generation of heat at the desired tumor tissues. 
SUMMARY OF THE INVENTION 

Hyperthermia for treatment of disease using magnetic fluids exposed to. . . 
interest . 

In view of the above, there is a need for a hyperthermia-based treatment 
method for diseased tissue that incorporates selective delivery of 
thennotherapeutic magnetic compositions to a diseased tissue. It is also 
desirable to have methods for treating diseased tissue in a safe and 
effective manner, with minimal invasion, and short ... alternating magnetic 
field. It is yet another object of the present invention to provide a 
method that utilizes compositions of nanoscale magnetic materials and 
target-specific ligands in conjunction with a device that provides 
alternating magnetic fields to treat diseased tissue by killing 
diseased cells via hyperthermia. It is a further object of the present 
invention to provide methods for the treatment of diseased tissue, such 
as cancer , in a safe and effective manner, with minimal ...coating 
material for the particle; and a ligand that is selective to at least one 

cancer marker, and that can be bound to an uncoated portion of the 
particle, bound to... 

.coating, or intercalated into the coating. The present invention also 
pertains to devices for treating cancer by interacting with magnetic 
particles targeted to cancer cells in a patient. Such a ...the gap 
being of sufficient size to receive a portion of the patient containing 
the cancer cells; and a power supply coupled to provide energy to the 
magnetic generator so that... 

.at a frequency of about 1 kHz or more. The present invention further 
pertains to methods related to such magnetic material compositions and 
devices for the treatment of cancer . One such method includes the 



administration to the patient of a magnetic material composition that 
includes at least one, single domain, magnetic particle attached to a 
cancer -cell specific ligand, and application of an alternating magnetic 
field to a region of the patient containing the cancer so as to 
inductively heat the magnetic material composition and kill the cancer 

cells . The therapeutic methods of the present invention provide for 
the treatment of diseased tissue, such as cancer , in a safe and 
effective manner, with minimal invasion, and short treatment periods. The 
above ... in 

connection with the accompanying drawings, in which: 

Figure 1 schematically illustrates a thermotherapy treatment system 
according to an embodiment of the present invention; 

Figure 2 schematically illustrates a thermotherapy treatment ... diseased, 
disease-causing, or undesirable tissue or material, for use with magnetic 
material compositions, and methods for treating or removing the tissue 
or material utilizing such devices and magnetic material compositions. 
The therapeutic methods disclosed herein include the targeted delivery 
...lipids, receptors, steroids, neurotransmitters, Cluster 
Designation/Differentiation (CD) markers, imprinted polymers, and the 
like. The methods for treating diseased tissue disclosed herein include 
administering to a patient the bioprobes suspended in... to a specific 
location within a patient 105 by a magnetic circuit 102. The therapeutic 
methods of the present invention may be performed following a 
determination of the presence of disease... of the patient. For example, 
the disease material may be any one or combination of cancers and 
cancerous tissue, a pathogenic infection (viral, bacterial or 
multicellular parasitic), toxin, or any pathogen-like material... 

.diagnosis does not form part of the invention and may be performed using 
any standard method . However, the present invention,* or aspects 
thereof, may be amenable to a diagnostic function alone or in conjunction 
with another method or apparatus. Such a diagnostic function would be 
performed by using a suitable technology or technique to interrogate 
the ...the patient. Both the location and concentration of 
bioprobes may be determined using an existing technique such as 
magnetic 

resonance imaging, or another diagnostic technique can be established 
and performed using a suitable magnetometer, such as a Superconducting 
Quantum Interference ... the disease material 214. In the illustrated case, 
the bioprobes 210 are selective to breast cancer . The bioprobes 210 
become excited by the interacting applied AMF and are inductively heated 
to. . . 

.example, heat generated in the bioprobes 210 may pass to the cells, 
thereby causing the cells to die . 

Furthermore, the poles 204 may be formed from pieces whose gap is 
adjustable, so as... the -3dBc points of the output of a square law 
crystal detector. Because this measurement technique is cumbersome in 
this application, we use an alternate definition of pulse width. For the 
...strength can be increased, and thereby reducing the treatment time and 
increasing the efficacy. One method of confining the high peak 
amplitude ANW to treatment area 205 is by defining the ... likelihood that 
they will need to be removed prior to treatment, thereby avoiding 
invasive medical procedures . Concentrating the field permits the 
treatment of large volumes within the chest or trunk with ... composition 
and location within the body, possesses unique heating and cooling 
capacities. For example, a tumor located within a region that is poorly 

...located within a relatively insulating region may require a lower 
Curie temperature material than a tumor that is located near a major 
blood vessel. Targets that are in the bloodstream will .. .material may 



also serve to facilitate transport of the bioprobe 690 into a cell, a 
process known as transf ection . Such coating materials, known as 
transfection agents, include ...The association of a ligand or ligands 
with the bioprobes 690 allows for targeting of cancer or disease 
markers on cells. It also allows for targeting biological matter in the 
patient ... immunogenic response. In another embodiment, the ligand 640 may 
be designed to target a specific cancer cell marker or markers. The 
particular cancer cell marker and ...640 may be specific to, but not 
limited to, the type and location of the cancer such as, for example, 
tumors , metastatic cancer , minimal residual disease and the like. The 
ligand (s) 640 may have an affinity for the cancer marker or markers of 
interest. The cancer marker or markers may be selected such that they 
represent a viable target on the cancer cells of interest. The 
preferred cancer marker may be expressed on the surface of the cancer 
cells and is preferably present in very low amounts or not at all in 
non-nal cells. The preferred cancer marker may not be readily shed 
from the surface, or if shed, the ligand on ... mechanisms . When a 
sufficient amount of heat is transferred by the bioprobes 890 to the 
cell , the cell dies by necrosis , apoptosis or another mechanism. 
The choice of a marker (antigen) 850 may be important to therapy 
utilizing bioprobes. For breast cancer and its metastases, a specific 
marker or markers may be chosen from cell surface markers... 

..for example, members of the MUCtype mucin family, an epithelial growth 
factor (EGFR) receptor, a carcinoembryonic antigen (CEA) , a human 
carcinoma antigen, a vascular endothelial growth factor (VEGF) antigen, 
a melanoma antigen (MAGE) gene, family antigen. . . 

. . Fn antigen, a hormone receptor, growth factor receptors, a cluster 
designation/differentiation (CD) antigen, a tumor suppressor gene, a 
cell cycle regulator, an oncogene, an oncogene receptor, a proliferation 
marker, an adhesion molecule, a proteinase involved in degradation of 
extracellular matrix, a malignant transformation related factor, an 
apoptosis related factor, a human carcinoma antigen, glycoprotein 
antigens, DF3, 4F2, MGFM antigens, breast tumor antigen CA 15-3, 
calponin, cathepsin, CD 31 antigen, proliferating cell nuclear antigen 10 
(PC 10), and pS2. For other forms of cancer and their metastases, a 
specific marker or markers may be chosen from cell surface markers... 

..for example, a member of 

vascular endothelial growth factor receptor (VEGFR) family, a member of 

carcinoembryonic antigen (CEA) family, a type of anti-idiotypic mAB, a 
type of ganglioside mimic, a. ..of a cellular adhesion molecule, a member 
ofMUC-type mucin family, a type of cancer antigen (CA) , a type of a 
matrix metalloproteinase, a type of glycoprotein antigen,- a type of 
melanoma associated antigen (MAA) , a proteolytic enzyme, a calmodulin, a 
member of tumor necrosis factor (TNTF) receptor family, a type of 
angiogenesis Marker, a melanoma antigen recognized by T... 

..antigen encoding gene (MAGE) family, a prostate membrane specific 
antigen (PMSA) , a small cell lung carcinoma antigen (SCLCA) , a T/Tn 
antigen, a hormone receptor, a tumor suppressor gene antigen, a cell 
cycle regulator antigen, an oncogene antigen, an oncogene receptor 
antigen, a proliferation marker, a proteinase involved in degradation of 
extracellular matrix, a malignant transf on-nation related factor, an 
apoptosis -related factor, a type of human carcinoma antigen. 
In an embodiment of the invention, a bioprobe may include ligand (s) 
targeting the ... substrate adhesion. WC-1 is highly expressed in many 
human adenocarcinomas, including 80% of breast cancers , and is 
associated with poor prognosis. Mucin (MUC-1 and 



MUC-2) expression is associated with tumor invasiveness. WC- 1 and WC-2 
expression is associated with invasive ductive carcinoma of the breast. 
WC-1 is also present at high levels on many mylomas . Different 
tissues/cells produce differing glycofon-ns of WC Glycosylation of NIUC-I 
in malignant cells is often altered compared to normal tissue. NIUC-1 
is • considered a truly tumor specific antigen, although it is also found 
on normal cells, its aberrant glycosylation on tumors creates new 
epitopes for targeting. The extracellular domain of WC-1 may be shed into 
. . . cell surface . 

Overexpression of growth factor receptors such as the EGFR family is 
indicated in tumors and has been associated with increased cell 
resistance to the cytotoxic effects of macrophages and cytotoxic factors, 
such as TNF ( tumor necrosis factor) , which can lead to tumor 
growth. The protein encoded by the Her-l/neu gene is a 170,000 Dalton. . . 
unshed remainder of the Her-2 expressed on the surface of the cell. For 
ovarian cancers and their metastases, a specific marker or markers may 
be chosen from cell surface markers... 

..example, one of ERBB2 (Her-2) antigen and CD64 antigen. For ovarian 
and/or gastric cancers and their metastases, a specific marker or 
markers may be chosen from cell surface markers such as, for example, a 
polymorphic epithelial mucin (PEM) . For ovarian cancers and their 
metastases, a specific marker or markers may be chosen from cell surface 
markers 

such as, for example, one of cancer antigen 125 (CA125) or matrix 
metalloproteinase 2 (NEqP-2) . For gastric cancers and their metastases, 
a specific marker or markers may be chosen from cell surface markers... 
..for example, one of CA19-9 antigen and CA242 antigen. 
For non-small-cell lung- cancer (NSCLC) , colorectal cancer (CRQ and 
their 

metastases, a specific marker or markers may be chosen from cell surface 
markers such as, for example, vascular endothelial growth factor receptor 
(VEGFR) , antiidiotypic mAb, and carcinoernbryonic antigen (CEA) mimic. 
For at least one of small-cell lung cancer (SCLQ, malignant melanoma, 
and their metastases, a specific marker or markers may- be chosen from 
cell surface markers such as, for example, anti-idiotypic mAB or GD3 
ganglioside mimic. For melanoma cancers and their metastases, a 
specific marker or markers may be chosen from cell surface markers such 
as, for example, a melanoma associated antigen (MAA) . For small cell lung 

cancers and their metastases, a specific marker or markers may be 
chosen from cell surface markers such as, for example, a small cell lung 
carcinoma antigen (SCLCA) . 

For colorectal cancer (CRQ and/or locally advanced or metastatic head 
and/or neck cancer , a specific marker or markers may be chosen from 
cell surface markers such as, for example, epidermal growth factor 
receptor (EGFR). For Duke's colorectal cancer (CRQ and its metastases, 
a specific marker or markers may be chosen from cell surf ace ... may be 
chosen from cell surface markers such as, for example, CD33 antigen. For 
prostate cancers and their metastases, a specific marker or markers may 
be chosen from cell surface markers such as, for example, prostate 
membrane specific antigen (PMSA) . For carcinomatous meningitis and 
their metastases, a specific marker or markers may be chosen from cell 
surface ... glycoprotein, for example, HTAFGI (human milk fat globulin) 
antigen . 

For lung, ovarian, colon, and melanoma cancers and their metastases, a 
specific marker or markers may be chosen from cell surface markers such 
as, for example, B7-HI protein. For colon, breast, lung, stomach, cervix, 
and uterine cancers and their metastases, a 'specific marker or markers 
may be chosen from' cell surface markers such as, for example, TRAEL 
Receptor-1 protein, a member of the tumor necrosis factor receptor 



family of proteins. For ovarian, pancreatic, non-small cell lung, breast, 
and head and neck cancers and their metastases, a specific marker or 
markers may be chosen from cell surface markers such as, for example, 
EGFR {epidermal growth factor receptor) . For anti-angiogenesis targeting 
of tumor blood supply, a specific marker or markers may be chosen from 
cell surface markers such. . . 

.marker specific to endothelial cells of growing blood vessels. For 
targeting of colon and bladder cancer and their metastases, a specific 
marker or markers may be chosen from cell surface markers ... the external 
environment to the nucleus. A mutated fonn of RAS is found in many 
cancers . 

In another embodiment, the ligand 640 may be targeted to a predetermined 
target associated with a disease of the patient's immune system . The 
particular target and ligand(s) 640 may be specific to, but not limited 
to s immune system . The ligand (s) 640 may have an affinity for a target 
associated with a disease of the patient's immune system such as, for 
example, a protein, a cytokine, a chemokine, an infectious organism, and 
the like. For diseases of the patient's immune system , a specific 
marker or markers may be chosen from cell surface markers. The targeted 
cells may be T or B cells of the immune system . For rheumatoid 
arthritis, a specific marker or markers may be chosen from cell surface 
markers such as, for example, one of CD52 antigen, tumor necrosis 
factor (TNF) , ...represent a viable target on T cells or B cells of the 
patient's immune system . 

For reaction to a transplanted organ, the ligand (s) 640 may be chosen to 
target ... another embodiment, the ligand 640 may be targeted to a 
predetermined 

target associated with non- cancerous diseased tissue. The particular 
target and ligand(s) 640 may be specific to, but not limited to, a 
particular non- cancerous diseased tissue. The ligand(s) 640 may have an 
affinity for a biological molecule associated with the non- cancerous 
diseased tissue. The ligand(s) 640 may have an affinity for a cell marker 
or markers associated with the non- cancerous diseased tissue. For non- 
cancerous diseased . . .may be chosen to be a predetermined target such 
as, for example, one of non- cancerous diseased deposits and precursor 
deposits. For Alzheimer's disease, a predeten-nined target may be . . . and 
returning it to the body. The bioprobes may be introduced into the 
vascular circulating system or into the blood circulating outside of 
the body. For example, to target bioprobe/target . . . 

.returning the blood to the body. The bioprobes may be introduced into 
the vascular circulating system , the blood circulating outside of the 
body, or the blood serum or plasma ...using either treatment within the 
patient ( intracorporeal ) and treatment external to the patient 
(extracorporeal) . 

A method of administering the bioprobes 890 to the desired area for 
treatment and the dosage may ... material . The size range of the bioprobes 
890 allows for microf iltration for sterilization. An -administration 
method may be, for example, wash, lavage, as a rinse with sponge, or 
other surgical cloth as a perisurgical 

administration technique . Other methods of administration may include 
intravascular injection, intravenous injection, intraperitoneal 
injection, subcutaneous injection, and intramuscular injection. . .magnetic 
nature of the bioprobes. Assisted delivery may depend on the location of 
the targeted cancer . The bioprobes may also be delivered to the 
patient using other methods . For example, the bioprobes may be 
administered to the patient orally, or may be administered rectally. 
Another method of administering the bioprobes 890 to the desired area 
for treatment may include administering the ... administered separately and 



combine with the streptavidin fusion protein in the patient's body. 
Another method of administering the bioprobes 890 to the desired area 
for treatment may include administering the... body to form a targeted 
bioprobe for therapy. 

Once administered by any of the above methods , the movement of the 
bioprobes can be influenced by an AW with a DC of f set ... field conditions, 
field amplitude and pulse characteristics, to levels that heats the 
bioprobes sufficiently to kill targeted cells without excessive 
peripheral tissue heating. Thus, under pulsed conditions, peak magnetic 
fields of up to. . . 

. I may be coated with" a 

biocompatible polymer according to a following embodiment of the 
procedure . Poly (methacrylic acid-co-hydroxyethylmethacrylate ) as a 
biocompatible coating material 

for bioprobes may be synthesized from methacrylic acid and hydroxyethyl 
methacrylate using free - radical polymerization in the presence of 
...may react with the polymer coating. Conjugation of the antibodies to 
the 

nanoparticles using this technique may proceed in the following manner. 
The antibody may be covalently conjugated to 4- [p. .. coordinate covalent 
linkages. Example 4: Efficacy of bioprobes: In vitro trials with MCF-7 
breast cancer cells. 

The bioprobes included 50-nm, Fe304 particles surrounded by a dextran 
shell, to which. ..the media in all samples monitored in situ using 
silicon dioxide temperature probes resistant to electromagnetic (EM) 
fields obtained from FISO Technologies Inc., Ste-Foy, Quebec, Canada. 
A series of water bath tests... 

.tests was to obtain "positive control" data on the effects of 
hyperthen-nia on the cancer cell cultures and to aid in the 
interpretation of experiments using the bioprobe system . Exposing 
cellular culture media to an alternating magnetic field, without the 
presence of the bioprobes... 

.heating of the media containing cells not receiving the treatment. Table 
1 lists results of cell death fraction as a function of exposed 
temperature and exposure time. The MCF-7 cell line... Table 2. In the 
targeted sample, 91% 15% (n = 7) of the MCF-7 cells were killed . Of 
the cells killed , about 70% cells were be lysed by the treatment, 
as measured by spectrophotornetric analysis of cytoplasmic lactate 
dehydrogenase (LDH) , an enzyme produced by living cells. The remaining 
approximately 20% underwent apoptosis , as measured using a commercial 
fluorescent apoptosis -staining assay. The kill rates for the targeted 
cells are significantly higher than baseline death and apoptotic rates 
of 4% 1 1% in all controls (Table 2). Control groups include: 1) cells 
cells. Higher than normal cell death occurs only when the AW is 
applied after the bioprobes have attached to a cell... 

.1 5 

Example 5: Selectivity of bioprobes: In vitro trials with SK-CO-1 colon 
cancer cells. For the in vitro studies, the MCF-7 human breast cancer 
cells were chosen because their Her-2 expression was sufficient for 
detection, but was not ...high amounts as is the case with the more 
aggressive NMA-NM-231 (human breast carcinoma cells known to 
significantly over express Her-2) cell line. As a control, cultures of... 

.chosen to provide a reasonable model to challenge the effectiveness and 
selectivity of the bioprobe system . To investigate the selectivity of 
the bioprobes, SK-CO-1 human colon cancer cells known to be Her-2 



negative were treated in the same manner. For this group, rates of 
apoptosis were 13% for . . .CO-I cells when used with any or all 
components of the invention, demonstrating selective tumoricidal 
activity for the MCF-7 breast cells. TABLE 3: In Vitro Results with SK-CO 
. . . AMF 91 1 5 <N=7) 

Example 6: Bioprobe targeting MUC- I receptor in breast cancer . 
The target on the breast cancer cells may be MUC-1 (Human epithelial 
mucin, CD277) marker. MUC- I is highly expressed in many human 
adenocarcinomas including 80% of breast cancers and is associated with 
poor prognosis. The ligand on the bioprobe may be an antibody. . .portion 
may be linked to the magnetic particle or the dextran coating through 
several different techniques . A linking agent, such as BS3, available 
from Pierce, Rockford, EL, may be used with and proof of killing of 
cancer cells above the level of the controls. The targeted bioprobes 
may be further refined by producing. . . 

■.such as antigen binding affinity, molecular architecture, and specific 
receptor epitope targeting to enhance the tumor targeting and potency. 
The use of fragments, humanized antibody, or peptides creates a ligand 
that avoids immunogenic response in humans. 

The MUC-I receptor is considered a truly tumor specific antigen 
because 

although it is on normal cells, its aberrant glycosylation on tumors 
creates new epitopes for targeting. The extracellular domain of MUC-1 is 
shed into the NWC-1 which remains on the cancer cell after a portion of 
the extracellular domain is shed. This choice of ligand allows the 
bioprobe to specifically and selectively target breast cancer cells. 
Example 7: Bioprobe targeting non-small cell lung cancer , VEGFR. The 
bioprobes may be designed to target many different kinds of cancer . A 
target on non-small cell lung cancer cells may be VEGFR (vascular 
endothelial growth factor receptor) . marker. VEGFR may also be a viable 
target for many other 

types of solid cancer tumors . VEGFR has been implicated in tumor 
induced 

angiogenesis, or blood vessel growth which has been shown to play an 
important role in the development of many solid tumors . Angiogenesis is 
induced by solid tumors to provide nutrients to enable growth. The 
bioprobe therapy may target tumor -induced angiogenesis and prevent the 
blood vessel growth needed by a tumor . Since there is little, if any, 
blood vessel growth in a healthy adult, the targeting. . .portion may be 
linked to the magnetic particle or the dextran coating through several 
different techniques . A linking agent, such as BS3, available from 
Pierce, Rockford, EL, may be • used with... 

.containing, 50 nm dextran coated particle. In vitro studies demonstrate 
dose response and proof of killing of cancer cells above the level 
of the Controls. The targeted bioprobes may be further refined by 
producing. .. such as antigen binding affinity, molecular architecture, and 
specific receptor epitope targeting to enhance the tumor targeting and 
potency. The use of fragments, humanized antibody, or peptides creates a 
ligand that avoids immunogenic response in humans . Example 8 : Bioprobe 
targeting immune system conditions, CD52. A target rheumatoid arthritis 
may be cluster designation/differentiation CD52 antigen. CD52 may also be 
a viable target for other immune system diseases such as multiple 
sclerosis. For diseases of the patient's immune system , the bioprobe 
therapy may target the T or B cells of the immune system . Typically 
these cells are involved in an immune response. T lymphocytes play a 
central role ... self-tolerance . 

The damage which occurs in these autoimmune diseases is analogous to the 
rejection process which occurs after transplantation of a foreign 



organ. Adults also have active mechanisms for maintaining. . . 

. .which are controlled by a complex symphony of interactions between 
different parts of the immune system . Bioprobes with antibodies to CD52 
can destroy lymphocytes and disrupt the immune system at the most 
fundamental level. Unlike cancer therapy, it may not be the aim to kill 
all the target cells, but just hope was that when the immune system 
regenerated over the subsequent months, the vicious cycle of tissue 
injury, resulting in fresh immune ... portion may be linked to the magnetic 
particle or the dextran coating through several different techniques . A 
linking agent, such as BS3, available from Pierce, Rockford, EL, may be. 
used with ... portion may be linked to the magnetic particle or the 
dextran coating through several different techniques . A linking agent, 
such as BS3' available from Pierce, Rockford, EL, may be used with... 
called hepatitis B virus (HBV) , can cause lifelong infection, cirrhosis 
(scarring) of the liver, liver cancer , liver failure, and death. In 
this particular embodiment of bioprobe therapy, the target is the several 
different techniques . A linking agent, such as BS3 , available from 
Pierce, Rockford, EL, may be used with. . .portion may be linked to the 
magnetic particle or the dextran coating through several different 
techniques . A linking agent, such as BS3, available from Pierce, 
Rockford, EL, may be used with... and is transmitted via blood sucking 
Reduvid bugs. Acute phase symptoms include fever, malaise, lymphatic 
system abnormalities, and enlargement of the spleen and liver. Fatal 
pathologies include parasitic infection of the ... portion may be linked to 
the magnetic particle or the dextran coating through several different 
techniques . A linking agent, such as BS3 , available . . .portion may be 
linked to the magnetic particle or the dextran coating through several 
different techniques . A linking agent, such as BS3, available from 
Pierce, Rockford, EL, may be used with ... portion may be linked to the 
magnetic particle or the dextran coating through several different 
techniques . A linking agent, such as BS3' available from Pierce, 
Rockford, EL, may be used with. . .portion may be linked to the magnetic 
particle or the dextran coating through several different techniques . A 
linking agent, such as BS3, available from Pierce, Rockford, EL, may be 
used with. .. transplanted into the patient. This application is similar to 
diseases of the patient's immune system . The bioprobe therapy may 
target the T or B cells of the immune system . Typically these cells are 
involved in an immune response. T lymphocytes play a central role... 
invaders from its own tissues is becoming known. The damage which occurs 
in- the rejection process which occurs after transplantation of a 
foreign 

organ is analogous to autoimmune diseases. Bioprobes which can destroy 
lymphocytes and disrupt the immune system at the most fundamental level 
can be used to treat organ transplant rejection. Unlike cancer therapy, 
it may not be -the aim to kill all the target cells, but just system 
regenerated over the subsequent months, the vicious cycle of tissue 
injury, resulting in fresh immune... may be linked to the magnetic 
particle or the dextran coating through several 
3 

different techniques . A linking agent, such as BS , available from 
Pierce, Rockford, EL, may be used with ... specif ic receptor epitope 
targeting to enhance the targeting and potency. Example 17: Bioprobe 
targeting non- cancerous diseased tissue. The bioprobes may be designed 
to target cells, tissue, or biological molecules related to a non- 
cancerous disease. One particular example of a target related to a 
non- cancerous disease is B protein and its deposits a 

ssociated with Alzheimer' ...s 

disease. Bioprobes designed to specifically bond to lipoproteins that 



transport amyloids in the vascular system can be used to target, 
denature, or otherwise deactivate these lipoproteins when exposed to AUT 
...amyloid B protein, associated with Alzheimer's disease, as they are 
transported in the vascular system or after they are deposited in the 
brain, can be used to target, denature or ... portion • may be linked to the 
magnetic particle or the dextran coating through several different 
techniques . A linking agent, such as BS3 , available from Pierce, 
Rockford, EL, may be used with ... portion may be linked to the magnetic 
particle or the dextran coating through several different techniques . A 
linking agent, such as BS3 , available from Pierce, Rockford, ] IL, may be 
used with... In another example, overproduction of the female hormone 
estrogen may 

increase the risk for breast cancer . The number of new cancer cells 
increases proportionally to the amount of overexpression by the estrogen 
precursor — and these ef f ects . . . and returning it to the body. The 
bioprobes may be introduced into the vascular circulating system or 
into the blood circulating outside of the body. For example, to target 
bioprobe/target ... returning the blood to the body. The bioprobes may be 
introduced into the vascular circulating system , the blood circulating 
outside of the body, or the blood serum or plasma after it... least one 
of the duty cycle, the PRF, the magnitude of the magnetic field. This 
process continues until the treatment is completed. Example 23: 
Preliminary temperature monitoring to optimize treatment. Using... 
mammals. As noted above, the present invention is applicable to a 
magnetic material composition, a system and method of thermotherapy 
for the treatment. of at least cancerous tissue, non- cancerous 
diseased tissue and undesirable tissue. The present invention should not 
be considered limited to the... 

...aspects of the invention as fairly set out in the attached claims. 
Various modifications, equivalent processes , as well as numerous 
structures to which the present invention may be applicable will be... of 
the present specification. The claims are intended to cover such 
.modifications and devices. 
. A method for treating a patient, comprising: 

administering a magnetic material composition to at least a portion... 

...composition combined with the predetermined target to inductively heat 
the magnetic material composition. 

2 The method as recited in claim 1, wherein the predetermined target 
-is 

associated with a cancer . 

3 The method as recited in claim 2, wherein the predetermined target is 
one of a) a member of vascular endothelial growth factor receptor (VEGFR) 
family, b) a member of carcinoembryonic antigen (CEA) family, c) an 
anti-idiotypic mAB, d) a ganglioside mimic, e) a member... 

...g) a cellular adhesion molecule, h) a member of MUC-type mucin family, 
i) a cancer antigen (CA) , j) a matrix metalloproteinase, k) ...melanoma 
associated antigen (MAA) , m) a proteolytic enzyme, n) a calmodulin, o) a 
member of tumor necrosis factor (TN-F) receptor family, p) a 
angiogenic marker, q) a 
melanoma antigen recognized by. . . 

...gene (MAGE) family, s) a prostate membrane specific antigen (PMSA), t) a 
small cell lung carcinoma antigen (SCLCA), u) a proliferating cell 
nuclear antigen 10 (PC10), v) pS2, w) a T/Tn antigen, x) a hormone 
receptor, y) a tumor suppressor gene antigen, z) a cell cycle regulator 



antigen, aa) an oncogene ...cc) a proliferation marker, dd) a proteinase 

involved in degradation of extracellular matrix, ee) a malignant 

transformation related factor, ff) an apoptosis -related factor gg) a 

human carcinoma antigen and any combination of a) through gg) . 

. The method as recited in claim 3 wherein the ganglioside mimic is 
GD3 . 

5 The method as recited in claim 3, wherein the epidermal growth 
factor receptor (EFGR) includes at least.., 

..of Her-1, Her-2, Her-3, Her-4 and any combination thereof. 

6 The method as recited in claim 3, wherein the cluster 

designation/differentiation ...antigen, CD52 antigen, CD64 antigen, CD31 
antigen, CD33 antigen and any 
combination thereof. 

7 The method as recited in claim 3, wherein the cellular adhesion 
molecule is epithelial cellular adhesion molecule (Ep-CAM) antigen. 

8 The method as recited in claim 3, wherein the WC-type mucin 
includes at least one of polymorphic epithelial mucin (PEM), WC-1 and any 
combination thereof. 

9 The method as recited in claim 3, wherein the cancer antigen is at 
least one of CA125, CA19-9, CA15-3 (breast tumor antigen), CA242 and 
any 

combination thereof. 

10 The method as recited in claim 3, wherein the matrix 
metalloproteinase is matrix metalloproteinase 2 (MW-2) . 

11 The method as recited in claim 3, wherein the glycoprotein antigen 
is 

epithelial associated glycoprotein (HWGI antigen) . 

12 The method as recited in claim 3, wherein the proteolytic enzyme is 
at least one of cathepsin. . . 

. .cathepsin D, cathepsin L, cathepsin B, cathepsin C, cathepsin S and any 
combination thereof. . The method as recited in claim 3, wherein the 
calmodulin is calponin. 

14 The method as recited in claim 3, wherein the tumor necrosis 
factor 

receptor is a TRAEL Receptor- 1 protein. 

15 The method as recited in claim 3, wherein the angiogenic marker is 
at 

least one of vascular endothelial growth factor receptor (VEGFR) , 
Integrin avP3 and any combination thereof. 

16 The method as recited in claim 2, further comprising: 
applying an alternating magnetic field to a region of the patient 
containing the cancer , wherein the alternating magnetic field is 
applied using a device 

comprising: 

a magnetic generator having of sufficient size to receive a portion of 
the patient 

containing the cancer cells; and 

a power supply coupled to provide energy to the magnetic generator so 
that. . . 



-the two poles alternates at a frequency of about I kHz or more. 

17 A method according to claim 16, wherein the magnetic material 
composition inductively heats to a sufficient temperature to induce 
cancer cell death via necrosis , apoptosis or another mechanism. 

18 A method according to claim 16, further comprising applying the 
alternating magnetic field to a region of the patient containing cancer 
tissue and to a region of the patient adjacent the region containing the 

cancer tissue. 

19 A method according to claim 16, further comprising applying a static 
magnetic field to a region of the patient containing cancer tissue to 
aid in localizing the magnetic material composition to the region 
containing the cancer tissue. 

. A method ' according to claim 16, further comprising monitoring at 
least one physical characteristic of at least one of cancer tissue and 
non- cancerous disease material. 

21 A method according to claim 16, further comprising pulsing the 
alternating magnetic field while applying the alternating ... two pulses of 
the alternating magnetic field while applying the alternating magnetic 
field. 

22 A method according to claim 16, wherein the alternating magnetic 
field is applied to the patient over. . . 

.and applying at least two pulses of alternating magnetic field to the 
patient. 

23 The method as recited in claim 16, wherein administering the 
magnetic material composition further comprises administering the 
material to a specific area of a patient's body via an administration 
technique being at least one of injecting the composition intravenously, 
injecting the composition intraperitoneally, injecting the... 

. perisurgically, inhaling the composition, orally ingesting the 
composition and rectally inserting the composition. 

24 A method according to claim 16, wherein a magnetic field generator 
generates the alternating magnetic field and A method according to 
claim 16, wherein applying the alternating 

magnetic field includes modulating the alternating magnetic. . . 

.triangular envelope, a square wave envelope, a trapezoidal envelope and 
a sawtooth envelope. 

26 A method according to claim 16, wherein the magnetic material 
composition includes a biocompatible coating material covering at least 
part of the magnetic ' particle . 

27 The method as recited in claim 1, wherein the predetermined target 
is 

an antigen associated with a disease of a patient's immune system , the 
disease being one of rheumatoid arthritis, vasculitis and multiple 
sclerosis . 

28 The method as recited in claim 27, wherein the predetermined target 
is a cluster designation/differentiation antigen. 

29 The method as recited in claim 1, wherein the predetermined target 



a virus, the predetermined target. 



. . Epstein-Barr virus (EBV) , Hepatitis virus, human immunodeficiency virus 
(HIV) and Herpes virus. 

30 The method as recited in claim 1, wherein the predetermined target 
is 

one of an undesirable materialLDL) and clotted blood. 

31 The method as recited in claim 1, wherein the predetermined target 
is 

associated with a reaction to... 

..antigen, CD4 antigen, CD 8 antigen, CD18 antigen, CD52 antigen and CD154 
antigen. 

32 The method as recited in claim 1, wherein the predetermined target 
is 

non- cancerous disease material and associated with non- cancerous 
disease material, the predeten-nined target being one of a non- cancerous 
disease deposit and a noncancerous disease precursor deposit. 

33 The method as ...wherein the predetermined target is one of an 
amyloid protein and an apolipoprotein . 

34 The method as recited in claim 32, wherein the predetermined target 
is associated with an HIV infected cell and wherein the predetermined 
target is CTLA4 protein. 

35 The method as recited in claim 1, wherein administering the magnetic 
material composition further comprises administering the material to a 
specific area of a patient's body via an administration technique being 
at least one of injecting the composition intravenously, injecting the 
composition . . . perisurgically, inhaling the composition, orally 
ingesting the composition and rectally inserting the composition. 

36 The method as recited in claim 1, wherein administering the magnetic 
material composition further comprises: 

administering the... 

. . and 

combining the ligand with the magnetic particle in the patient's body. 

37 The method as recited in claim 36, wherein administering the 
magnetic material composition further comprises: 

administering the .. .magnetic particle by uniting the binder and receptor 
in the patient's body. 

38 The method as recited in claim 37, wherein the binder is 
biotinylated 

and the receptor is an avidin. 

39 The method as recited in claim 36, wherein administering the 
magnetic material composition further comprises: 

administering a the magnetic particle with the ligand in the patient's 
body. 

40 The method as recited in claim 1, wherein applying the alternating 
magnetic field includes applying the alternating magnetic field when the 
magnetic material composition is outside the patient's body. 

41 The method as recited in claim 40, wherein administering comprises 



providing the magnetic material composition within the. 



..magnetic material composition from the patient's body after attaching to 
the target. 

42 The method 'recited in claim 40, further comprising removing, after 
applying the alternating magnetic field, the magnetic ... and prior to 
returning the extracted bodily materials to the patient's body. 

43 The method as recited in claim 40, wherein administering comprises 
extracorporeal administration of the magnetic material composition into a 
patient's bodily materials. 

. The method as recited in claim 43, wherein extracorporeal 
administration comprises: 

extracting bodily materials from the patient... 

..extracted bodily 
materials; and 

exposing the bodily materials to the alternating magnetic field. 

45 The method as recited in claim 40, wherein the extracted bodily 
materials are returned to the patient's body after exposure to the 
alternating magnetic field. 

4 6 The method' as recited in claim 40, wherein the extracted bodily 
materials are returned to the patient's body before exposure to the 
magnetic field. 

47 The method as recited in claim 40, wherein the extracted bodily 
materials include at least one of blood and blood products extracted from 
the patient. 

48 The method as recited in claim 1, further comprising detecting at 
least one location of accumulation of the magnetic material composition 
within the patient's body. 

49 The method as recited in claim 48, wherein detecting the at least 
one 

location of accumulation ...composition to the patient and prior to 
application of the alternating magnetic field. 

50 The method as recited in claim 4 9, further comprising determining an 
amount of the magnetic material composition... 

..or indirect detection of the particles via at least one of NMI and 
SQUID . 

. The method as recited in claim 50, wherein the determined amount of 
magnetic material composition taken up ... calculate a condition and 
duration of the alternating magnetic field to be applied. 

52 The method as recited in claim 1, further comprising inducing a 
desired pathological effect by inductively heating the magnetic material 
causing one of necrosis , apoptosis and deactivation of disease 
material in a targeted region. 

53 The method as recited in claim 1, further comprising applying the 
alternating magnetic field to a region... 



..a region of the patient adjacent to the region containing the 
predetermined target. 



54 The method as recited in claim 1, further comprising localizing 
alternating magnetic field to the region of the patient containing the 
predetermined target. 

55 The method as recited in claim 1, further comprising monitoring at 
least one physical characteristic of a... 

.at least one physical characteristic being one of tissue temperature and 
tissue impedance. 

56 The method as recited in claim 1, wherein the alternating magnetic 
field is applied to the patient ... applying at least two pulses of the 
alternating magnetic field to the patient. 

57 The method as recited in claim 1, further comprising generating with 
a magnetic field generator an alternating... 

.about 10 Oersteds (Oe) to about 10,000 Oe proximate the magnetic field 
generator . 

. The method as recited in claim 1, . wherein applying the alternating 
magnetic field comprises modulating the alternating ... triangular 
envelope, a square wave envelope, a trapezoidal envelope and a sawtooth 
envelope. 

59 The method as recited in claim 1, wherein applying the alternating 
magnetic field comprises: 

providing and positioning... 

.auxiliary coils with a d.c. component to influence the magnetic field 
pattern. 

60 The method- as recited in claim 59, wherein the d.c. component has a 
magnitude sufficient to... a unidirectional nature with varying intensity 
and a time-averaged, non-zero value. 

61 The method as recited in claim 59, further comprising driving the 
auxiliary coils in series with the primary coil. 

62 The method as recited in claim 59, further comprising driving the 
auxiliary coils in parallel with the primary coil. 

63 The method as recited in claim 59, further comprising electrically 
matching the auxiliary coils with a phase from the alternating magnetic 
field. 

64 The method as recited in claim 59, further comprising influencing 
the 

magnetic field pattern to separate the... 

.associated with the magnetic field, so as to reduce dielectric heating 
of the patient. 

. The method as recited in claim 1, wherein applying the alternating 
magnetic field further comprises providing a primary coil as a core-less 
coil . 

66 The method as recited in claim 1, wherein applying the alternating 
magnetic field comprises applying the alternating magnetic field using 
only a primary coil. 

67 The method as recited in claim 1, . . .magnetic field generator and 



further comprises cooling the magnetic field generator with liquid. 

68 The method as recited in claim 67, further comprising cooling a core 
of the magnetic field generator with liquid. 

69 The method as recited in claim 1, wherein applying the alternating 
magnetic field includes driving a primary. . . ' 

.coils disposed proximate respective first and second pole pieces of a 
magnetic core. 

70 The method as recited in claim 1, wherein ...composition of claim 
71, wherein the disease 

material marker is specific to one of breast cancer , metastatic cancer 
related to breast cancer and primary cancer of the breast. 

74 A magnetic particle composition of claim 71, wherein the 
biocompatible coating... a) a member of vascular endothelial growth factor 
receptor (VEGFR) family, b) a member of carcinoembryonic antigen (CEA) 
family, c) an anti-idiot ypic rnAB, d) a ganglioside mimic, e) a member... 

. g) a cellular adhesion molecule, h) a member of MUC-type mucin family, 
i) a cancer antigen (CA) , j) ...melanoma associated antigen (MAA) , m) a 
proteolytic enzyme, n) a calmodulin, o) a member of tumor necrosis 
factor (TNF) receptor family, p) a angiogenic marker, q) a melanoma 
antigen recognized by T. . . 

.gene (MAGE) family, s) a prostate membrane specific antigen (PMSA) , t) a 
small cell lung carcinoma antigen (SCLCA) , u) a proliferating cell 
nuclear antigen 10 (PCIO) , v) pS2, w) a T/Tn antigen, x) a hormone 
receptor, y) a tumor suppressor gene antigen, z) a cell cycle regulator 
antigen, . ...cc) a proliferation marker, dd) a proteinase involved in 
degradation of extracellular matrix, ee) a malignant transformation 
related factor, ff ) an apoptosis -related factor gg) a human carcinoma 
antigen, hh) DF3 antigen, ii) 4F2 antigen, J) WGM antigen and any 
combination of a... 
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Method and apparatus for selective irradiation of biological materials. 
Methode et appareil pour irradiation selective de materiaux biologiques. 

INTERNATIONAL PATENT CLASS: A61N-005/10 

. . .ABSTRACT A2 

The invention relates to a method and an apparatus for frequency 
selective irradiation of biological materials and particularly tissues, 
cells and. . . 

...treatment modality. Moreover, the source frequency can be adjusted to 
enhance the killing effect. The method and apparatus according to the 
present invention are useful in combination with naturally occurring or 

...pharmaceutical stable isotope absorbers, having significantly reduced 
side effects as compared with conventional chemotherapy or radiation 
therapy . 

The method and apparatus according to the invention can be applied 
for selective radiation therapy providing selective tissue damage or 
necrosis , in particular for cancer therapy, and for differentiating 
between diseased and normal tissues. 



.SPECIFICATION Bl 



The present invention relates to a method and an apparatus for the 
selective, specific irradiation of biological materials and 
particularly of tissues and cells of living organisms, in particular of 
human and animals, and of cell components, with radiation of selective 
frequency. 

Besides from non- therapeutical applications the method and 
apparatus according to the invention are optimally suited also for 
frequency selective radiation therapy for cancer . 

In the treatment of tumors by ionizing radiation , x - rays or 
gamma rays are particularly used. The ideal in radiation 
therapy of malignant disease is achieved when the tumor is 
completely eradicated and the surrounding normal tissue, in the 
treated volume, shows little or no evidence of structural or functional 
injury. The important factor in successful treatment is the difference in 
radiosensitivity of neoplastic and normal cells. All tissues, normal 
and neoplastic , are affected by radiation so that radiosensitivity is 

a relative term. The basis of radiation therapy is that cells 
that are actively proliferating or that are of a primitive type are 
more sensitive than normal tissue so that there is usually a considerable 
margin between doses that are damaging to neoplastic and to normal 
cells. The difference depends. on the capacity for intracellular 'repair 
of normal and neoplastic cells and the ability of normal organs to 
continue to function well if they are only segmentally damaged. If 
surrounding tissue can tolerate twice the radiation dose of a given 
tumor , then the tumor is radiosensitive. 

Mammalian cells are capable of accumulating radiation damage before 
they are killed exponentially. Also, if allowed sufficient time after 
exposure, mammalian cells are capable repairing sublethal and 
potentially lethal radiation damage. The effects of x-rays or... 

.of present radiotherapy is the DNA molecule of a cell which does not 
select for cancer cells but selects for DNA repair capabilities. Even 
a two-to-one increase in radiation sensitivity in cancer cells will 
result in a curable condition. However, normal surrounding tissue may 
not be more tolerant to x - ray therapy than cancer tissue which 
makes this therapeutic modality useless . 

Mosbauer absorption , which is the resonant absorption of gamma 
rays by nuclei, represents a method of increasing the radiosensitivity 
of tumors in terms of orders of magnitude via selective energy 
deposition in cancer cells. Mosbauer radiation is completely analogous 
to optical absorption . In the latter, the ultimate source of radiation 
consists of excited atoms or molecules which... 

.analogously to the dispersion device in optical absorption. By varying 
the driving frequency, a resonance system can be driven by the emitted 
gamma photons and the nuclear energy transitions of the sample 
(absorber). The absorber may occur naturally, or as in... 

.embodiment, comprise added stable pharmaceutical isotopes, discussed 
below. 

Furthermore, since it has been determined that cancer cells differ 
from normal cells with respect to level of aerobic versus anaerobic 
metabolismf sub(,)) internal concentrations of ions such as Ca(sup 2) (sup 

.potentials, it is believed that such differences would cause differences 
in the nuclear microenvironment in cancer cells versus normal cells 
significant enough to result in excitation energy differences on the 
order of 10 (sup -) (sup 6) eV. Such excitation differences will affect 



Mosbauer absorption, and would allow for selective targeting of cancer 
cells. Thus, exposing malignant tissue with, for example, an (sup 
5) (sup 7 ) Fe absorber pharmaceutical to a narrow line width beam of 14,4 
keV photons having... 

.represents a powerful treatment modality. 

It is an object of the invention to provide a method and an apparatus 
for the selective irradiation of biological materials and particularly 
of tissues, cells and/or cell components, and particularly for externally 
and. . . 

.is accomplished by claims 1, and 23. The dependent claims refer to 
preferred embodiments. 

The method according to the invention for the selective irradiation 
of biological target materials is defined in claim 1. 

The apparatus according to the invention for carrying out the above 
method comprises a Mosbauer isotope (gamma ) -radiation source (50) 
selectively emitting (gamma) -radiation, 

filter means for... to the drawings, wherein: 
Fig. 1 shows an apparatus for explaining the 

present invention, 

and 

Fig . 2 show an embodiment of an apparatus of the 

present invention . 

The most dramatic killing. . . 

.or is transmitted to another electron which is then ejected as an Auger 
electron. The process continues, shell by shell, until the valence 
shell is reached and thus leads to multiple... 

.the s electron density, electric field gradient, and effective magnetic 
field at the position of the nucleus in which resonant gamma ray 
absorption occurs. Therefore, absorption is affected by the bonding... 

.gamma rays resonantly absorbed, CM., Makak, R.A., and Collins, R.L., 
Nuclear Instrument Methods , 114 (1974) 1. Approximately half of these 
electrons are emitted in the backward direction, which. . . 
.not the case with particle radiation. The remainder of excited nuclei 
re-emit gamma or x - rays . Thus, Mosbauer cancer therapy promises 
the advantages of selective radionuclides without systemic radiation of 
normal tissue, higher kill per... 

.by a term Eo(v/c) cos (sigma) , where v is the velocity of the atom , 
and (sigma) is the angle between v and the momentum vector of the 
photon. The energy E( sub(v)) of... 

.2) +Eo(v(')/c) cos (sigma) {' ) (2) 

The energy of gamma rays emitted by a system of free atoms moving with 
thermal velocities would be centered at Eo - Eo/2m c... 

.9) (sup l)Ir nuclei in a solid do not obey Equation 1; instead, they had 
energy equal to Eo and a line width (see image in original document) 
where Tm ... averaged over the lif etime of the nuclear excited state; 
(lambda) is the wavelength of the radiation . It can be seen from 
Equation 3 that f is large when the scattering center is confined to a... 

.conversion coefficient (a describes the relative strength of radiative 
( (gamma) -ray) and nonradiative (electron conversion) processes 
connecting the ground and excited states; a= 0 if all the decays from the 



excited. 



.involve the emission of a (gamma) -ray) . Thus the cross-section for the 
electron conversion process is a-times the radiative cross-section. The 
fact that this cross-section is dependent... 

: nucleus and is also very large compared to the photoelectric 
(electronic) absorption cross-section for iron , which is 5.5 10 (sup 

-) (sup 2) (sup 1) cm(sup 2) per atom at this energy. The absorption is an 

exponential function of the cross-section; thus the nuclear resonance 

absorption is a strong effect. 

The Apparatus 

The overall operation of the system may be exemplified by the (sup 
5) (sup 7) Co/ (sup 5) (sup 7)Fe... 

.energy. 

By mounting the source on an accurately controlled mass drive, the 
energy of the photon is shifted by means of the Doppler effect. A 
velocity of 1 mm/s corresponds ... radiation during the nonresonant 
excursion . 

The source, or emitter of radiation, can also include the techniques 
known to Mosbauer spectrometry, with the addition of a single frequency 
filter 80. The radiation... 

.the irradiated materials, particularly tissue components excited at the 
Mosbauer frequency can also be observed from the target area. The 
dynamic range (signal-to-noise) can be enhanced by viewing the... 

.the treatment effectiveness. A control signal can be derived from such 
fluorescence, and obtained or processed by processor 94 according to 
the characteristic plot to continuously control the source to -optimize 
the therapeutical... 

.energy gamma photon, and most are stable isotopes; therefore, they can 
be used in • scintiscan methods . As in the case of radionuclides, 
information can be gained based on differential uptake, excretion, or 
concentration as a consequence of the physiology of the pathological 
process . However, Mosbauer scintiscans also provide the ability to 
diagnose disease processes and to selectively image different tissues 
based on the phenomenon of the differential resonance frequency... 

.the absorber isotope or isotopes by causing a selected Doppler shifted 
emission from the emitter or emitters along one axis and 
simultaneously scanning with conventional scintiscan instrumentation 
along an axis different from the... 

.to attenuation of the exciting beam as a function of distance along the 
emitting axis, a correction algorithm has to be used to process the 
data to produce an image of the actual distribution of the Mosbauer 
isotope or isotopes in the tissue . 

Radionuclides, which have short half lives, on the order of hours , 
and which are gamma-emitting isotopes, are used in scintiscans to gain 
diagnostic information based on the physiological properties of the 
pathological process . These properties include differential uptake, 
concentration, or excretion of the radionuclide by normal versus diseased 

.on uptake of labelled colloid by Kupper cells, where (sup 1) (sup 9) (sup 
8) Au colloidal gold or ( sup(99m)Tc sulfur colloid is most commonly 
used; the HIDA or... 



.and the gallium scan, in which the radionuclide (sup 6) (sup 7)Ga is 
concentrated in neoplastic or inflammatory cells to a greater degree 
than in hepatocytes. Hence, a hepatoma or liver... 

.or "hot spot" with a gallium scan. The gallium scan is also helpful in 
diagnosing neoplastic infiltration in the patient with cirrhosis, since 
the tumor will show increased uptake, while fibrous bands will show 
decreased uptake. Another major application of... 

.cystic duct or common bile duct obstruction. The normal physiology 
involved is the uptake of these compounds by the hepatocytes followed 
by excretion into the biliary canaliculi and concentration in the... 

.absorption frequency in tissues. The stable isotope (sup 5) (sup 7)Fe 
demonstrates this effect; thus , cytochrome c which contains Fe can be 
selected as a target for Mosbauer absorption. Cytochrome c is a heme 
protein found in the mitochrondria . . . is significantly different from that 
of oxyhemoglobin. This property may be used to treat large tumors which 
have outgrown their blood supply and are therefore ischemic. By 
irradiating at the deox... 

.gamma rays would be selectively absorbed by red blood cells present in 
vessels supplying the tumor . Coagulation secondary to damage to those 
cells would result in thrombosis of the blood supply to the tumor and 
concomitant tumor death. 

(sup 5) (sup 7)Fe occurs with a natural abundance of 2,2%. Furthermore 



.sup 7)Fe would incorporate this isotope in cells which have a rapid 
turnover rate. Cancer cells would be enriched relative to normal 
cells . 

Many other stable isotopes demonstrate recoilless absorption of gamma 
ray photons following recoilless... 

.decaying isotope. The absorber isotopes appear in Table 1. As 
exemplified by iron, these isotopes may be substituted into natural 
biological molecules or may be incorporated into a target tissue as 
non-naturally occuring pharmaceutical molecules. ( see image in 
original document) (see image in original document) (see image in 
original document) (see... 

.1) (sup 2) (sup 7)1 and (sup 1) (sup 2) (sup 9)1 could be used in hormones 
or (sup 6) (sup 7)Zn in enzymes. Also, Mosbauer isotopes could... 

.a Mosbauer atom or molecule incorporating one or more Mosbauer atoms to 
selected sites in tumor cells, for example. Large local concentrations 
could be achieved through this process . (sup 5) (sup 7 ) Fe bleomycin, for 
example, has an association constant for DNA of . . . 

.1) (sup 1) (sup 9)Sn(sup 2) (sup +) . (sup 1) (sup 3) (sup 1) Xe or (sup 
1) (sup 2) (sup 9)Xe which are membrane- soluble could be used to localize 
into the nuclear, mitochondrial or cellular membrane. Furthermore, 
experiments have. . . 

.547; Giberman, E., et al., J Phys . 35 (1974) C6-371) . 
Tissue selective therapy 

Bone tumors and bone metastases can be treated by the incorporation 
of a Mosbauer absorber into bone. . . 

.Marshall , J.H., Phys Med. Biol. 13 (1968) 15). 

In addition to the alkaline earths, the rare earths are also "bone 



seekers." In vivo and in vitro fixation of rare earths... the metabolic 
incorporation at sites of new bone formation secondary to metastatic or 
primary bone cancer . 

Also, pharmaceuticals, active ingredients and corresponding 
compositions could be synthesized using these isotopes such that the 
Mosbauer absorption occurs at a Doppler frequency in the cancer cells 
which is different from that of normal cells. The difference in chemical 
environments between normal and cancer cells results in alternate 
conformation, protonation, charge, etc. of the properly constructed 
therapeutic molecule so... 

. s electron density results in a difference in the nuclear transition 
energy with a concomitant frequency difference of absorbed photons. 
Energy/frequency selective therapy 

The Mosbauer absorption spectrum of a biopsy of normal and malignant 
tissue would yield the Doppler shifted frequencies that would result in 
selective gamma ray absorption in the malignant tissue. The apparatus 
and methods according to the present invention also select the source 
frequency to optimize the cell damage or kill when different from the 
actual Mosbauer absorption of the target tissue. 

The photoelectric and Compton... 

.in the absence of the Mosbauer effects. The equation for determining the 
total dose from gamma ray treatment and the depth of penetration of 
the photons is equation (11). Equation (11) and Table 2 demonstrate the 
relationship that photons of higher energy penetrate deeper into 
tissue. Since the different Mosbauer isotopes demonstrate a wide range of 
photon energies, therapies can be designed to exploit this phenomenon 
to deliver the energy of the radiation to a... 

.7)Fe with a mass energy tissue absorption coefficient of 1,32 cm(sup 2)1 
g would be suitable for intraoperative radiation of breast, bowel 
and pancreatic cancer , whereas the 60 keV gamma ray of (sup 1) (sup 
5) (sup 5) Gd with. . . 

.sup 2)/g represents a suitable isotope for the treatment of primary and 
metastatic bone cancer . (see image in original document) (see image 
in original document) 

The fluorescence absorption cross section... 

.is given by: (see image in original document) where h is Planck's 
constant, c is the velocity of light, Eo is the transition energy, Ie 
and Ig are the excited... 

.conversion coefficient, a is the ratio of the intensity of the internal 
conversion and fluroescence processes connecting the ground and excited 
states. This cross section is dependent entirely on nuclear parameters. 
The Auger process is the phenomenon useful in cancer therapy, and the 
Mosbauer nuclear cross sections of absorption followed by internal 
conversion of some... 

.by: (see image in original document) where E is the incident (gamma) -ray 
energy and ( GAMMA ) is the uncertainty-principle energy width of the 
excited state. This width is defined by (GAMMA) =h/ 2 (pi)t , where t is 

the mean life ( = 1,44 x the half life) of the excited state. The 
values of . . . 

.susceptible to double strand breaks and one event which produces a 
double strand break could kill a cell . Conventional radiation 
therapy relies on nonspecific ionization and free radical production 
where H(sub 2)0 is the primary target. If the total dose is... as 4 



10(sup -) (sup 9) cm(sup 3), and the following equation was used: ( see 
image in original document ) 

To calculate the reverse value, that is the effective radiation 
dose for Mosbauer cancer therapy, the following values are used: number 
of events necessary to kill a cell : 1/ drug concentration: 10 (mu)M; 
volume of a cell nucleus: 2 10 (sup 1... 

. . 10 (sup -) (sup 5) ) (2 10 (sup -) (sup 1) (sup 2) ) (6 10 (sup 2) ( sup 
3)) (716 10(sup -) (sup 2) (sup 0)) 

= 3.5. 10( sup 1) ( sup 0) photons which is approximately 3.5 rad. 
If the depth of penetration desired is... 

..dose of 350 rad is only 5,8% of the necessary effective dose by 
conventional methods , and increasing the concentration of the 
pharmaceutical containing a Mosbauer isotope will directly decrease this 
ratio. As a consequence of the low dosage of radiation required to be 
tumoricidal the source can be miniaturized' and incorporated into 
instruments such as laparoscopes and bronchoscopes to. . . 

. .Auger cross-section and a high recoil free fraction which could be used 
for Mosbauer cancer therapy. Several of the isotopes are radioactive, 
but the half lives of these elements are so long that at the low 
concentration necessary for therapeutic effectiveness, not even the dose 
of a radioisotope scimtiscan ' which is about lm Ci , is exceeded. 

Example for (sup 4) (sup 0)K: t(sub 2) = 1,29 10(sup 9) a. (see image in 
original document) (see image in original document) 

Furthermore, selective killing of cancer cells with sparing of 
normal cells can be achieved by several mechanisms: 

1. The use of pharmaceuticals which are selectively taken up by 
cancer cells. 

2. The use of pharmaceuticals which have a different isomer shift, 
quadrupole hf splitting or magnetic hyperfine splitting in cancer cells 
as compared with normal cells. 

3. Applying magnetic or quadrupole fields in the space occupied by 
the cancer tissue so that a hyperfine absorption line is created for 
the cancer tissue which is absent for the normal • tissue . 

4. Polarization of the incident gamma rays with resonant 
polarization of the absorbers in the cancer tissue and not in the 
normal tissue . 

In the latter case, polarized gamma rays can be obtained by three 
methods , magnetized ferromagnetic sources, quadrupole split sources and 
filter techniques , as shown by U. Gonser and H . Fischer, Current 
Topics in Physics, Mosbauer Spectroscopy, The Exotic Side of the Method 
: Resonance (gamma) -Ray Polarimetry, 99- 135 . 
For cases 3 and 4 

The nuclear spin moment of Mosbauer isotopes becomes aligned in an 
imposed magnetic field. Also when a magnetic field exists at the nucleus 
the nuclear quantum levels are split into sublevels which gives rise to 
hyperfine interactions and multiple transition energies between the 
ground and excited states. The application of a magnetic field in a 
certain region of space thus creates a new transition for a Mosbauer 
isotope present in that volume of space. 

By driving the mass drive of the source 50, as shown in Fig. 2, at 
the proper velocity to produce a... 

..as follows: (see image in original document) 
Alternative combinations of therapeutic treatments 

The two major cancer therapies are radiation therapy and 
chemotherapy. The latter includes agents which can be broken down into 



six major classes... 

. Cisplatinum is an alkylating chemotherapeutic agent which becomes, 
covalently bound to DNA. Irradiation at a distinct resonance 
frequency of Mosbauer nucleus, (sup l)(sup 9) (sup 5)Pt localized in 
the tumor cells combines the effects of MIRAGE therapy with that of 
chemotherapy to synergist ically enhance tumor cell death . Another 
such example is the hybrid intercalating pharmaceutical, (sup 5) (sup 
7)Fe Bleomycin. 

As an alternative to selective kill of target cells due to 
irradiation at a frequency which is resonant only for the isotope 
localized to. . . 

.taken up by the target cells. This is facilitated by the relative 
nontoxicity of any pharmaceutical distributed in nonirradiated areas. 
Also, the target tissue is irradiated locally; therefore, the enhanced 
differential uptake would only" be relative to other cell populations 
in the radiation field. 

The method and apparatus according to the present invention are also 
useful for the treatment of diseases other than cancer . The basis 
of therapy rests on the selective destruction of one or more cell lines 



.to be an effective means of reducing inflammation, effusion, and pain in 
patients with rheumatoid arthritis , By using Mosbauer therapy where the 
stable isotopes (sup 1) (sup 6) (sup l)Dy or (sup 1 ) (sup 6) (sup 3)Dy are 
substituted for (sup l)(sup 6) (sup 5)Dy... 

.the target cells. The subsequently released Auger electrons would 
destroy the target cells. Thus, the cell line responsible for disease 
can be eliminated without internalization of the hybrid molecule which is 
necessary. . . 

.CLAIMS Bl 

1. A method for the selective irradiation of biological target 
material 'comprising tissues, cells and cell components, for 
externally and selectively inducing damage thereof, 

with exception of methods for the therapeutical and surgical 
treatment of the human or animal body and diagnostic methods 
practised on the human or animal body, 

characterized by 

taking a target material having incorporated therein a Mosbauer 
absorber, adjusting the Mosbauer absorption frequency thereof 
exclusively or. . . 

.by irradiation with (gamma ) -radiation from a Mosbauer isotope as 
(gamma) -radiation source. 

2. The method according to claim 1, characterized by filtering the 
selective (gamma ) -radiation frequency of the ( gamma ) -radiation source 
to provide a single frequency (gamma ) -radiation . 

3. The method according to claims 1 and 2, characterized in that the 
radiation emitted by the excited Mosbauer absorber of the irradiated 
target material is detected. 

4. The method of claim 3, characterized in that the frequency of 
the emitted radiation of the (gamma) -radiation source is adjusted 
according to the detected radiation of the excited Mosbauer absorber 
of the irradiated target material . 

5. The method according to claim 3, characterized in that the 
fluorescence radiation emitted by the irradiated target material is 
detected in a direction different from the axis direction of the 
incident radiation . 



6. The method according to one of claims 1 to 5, characterized in that 
the irradiated target material is imaged according to the detected 
radiation of the excited component.. 

7. The method according to claims 1 to 6, characterized in that an 
active ingredient, particularly a pharmaceutical or a 
pharmaceutically active ingredient, or a pharmaceutical composition 
is added to the material to be irradiated and/or administered to an 
organism, comprising a Mosbauer absorber to be excited selectively. 

8. The method according to claim 7, characterized in that active 
ingredients , pharmaceuticals and/or compositions are used which 
consist of a Mosbauer absorber isotope or comprise a Mosbauer 
absorber isotope. 

9. The method according to claims 7 and 8, characterized in that a 
Mosbauer absorber isotope is used which is localized at specific 
sites in the target material. 

10. The method according to claims 8 and 9, characterized in that a 
Mosbauer absorber isotope is used which is selected according to its 
affinity for the target material. 

11. The method according to claims 8 to 10, characterized in that the 
active ingredients, pharmaceuticals and/or compositions are 
administered selectively to the material to be irradiated according * 
to the blood flow of the material to be irradiated, wherein the 
amount of said isotope applied corresponds to the blood concentration 
in the target material. 

12. The method according to claims 8 to 11, characterized in that for 
providing an increased concentration of the radiation of the excited 
Mosbauer absorber active ingredients, pharmaceuticals and/or 
compositions comprising a Mosbauer isotope are used which is selected 
according to the differential isotope uptake of the target material. 

13. The method according to claims 8 to 12, characterized in that 
active ingredients, pharmaceuticals and/or compositions comprising a 
Mosbauer isotope are used which is selected according to the 
effective penetration depth of the corresponding Mosbauer frequency 
of said isotope at the target material. 

14. The method according to one of claims 8 to 13, characterized in 
that active ingredients, pharmaceuticals and/or compositions are used 

wherein the Mosbauer isotope is bound to a carrier substance having 
an affinity for the target material. 

15. The method according to claim 14, characterized in that active 
ingredients, pharmaceuticals and/or compositions are used. . . 

.carrier substance represents or comprises a monoclonal anitbody and/or a 
natural hormone. 

16. The method according to claims 8 to 15, characterized in that 
active ingredients, pharmaceuticals and/or compositions are used 
which represent or comprise at least one of the following nuclides as 
Mosbauer absorbers... 

.in original document) (see image in original document) (see image in 
original document ) 

17. The method according to claims 1 to 16, characterized in that at 
least one of the following nuclides or at least one of the 
following nuclide combinations, respectively, are used as... 

.in original document) (see image in original document) (see image in 
original document) 

18. The method according to claims 1 to 17, characterized in that 
Mosbauer absorbers and Mosbauer sources are used which are selected 
from the following... 

.see image in original document) (see image in original document) (see 



image in original document) 
19 . The method according to claims 1 to 18, characterized in that 
components for selective absorption of the... 

.radiation emitted from the (gamma) -radiation source are used which 

represent or comprise a molecule, particularly a protein molecule 
and/or a peptide molecule. 

20. The method according to claim 19, characterized in that the 
components for selective absorption of the (gamma) -radiation include 
naturally occurring and/or synthesized elements. 

21. The method according to claims 1 to 20, characterized in that the 
irradiation is carried out such that tissue target material undergoes 

necrosis . 

22. The method according to claims 1 to 21, characterized in that the 
target material is provided with (sup 5) (sup 7 ) Fe-Bleomycin . 

23. An apparatus for carrying out the method according to claims 1 to 
22, comprising a Mosbauer isotope (gamma ) -radiation source (50) 
selectively emitting (gamma) -radiation, filter for location in the 
target material to be irradiated. 

24. The apparatus according to claim 23, characterized by a Doppler shift 

.23 and 24, characterized in that the filter means (80) comprise crystal 

diffraction means (84). 
26 . The apparatus according to claims 23 to 25, characterized by means 
(92) for detecting the... 

.to 26, characterized in that the Mosbauer absorber being the component 
to be excited of the target material is designed or selected such 
that it emits a radiation of sufficient intensity to cause damaging 
or necrosis of the irradiated target material. 

28. The apparatus according to claims 23 to 27, characterized by means 
(92) for detecting the fluorescence radiation from the target 
material caused by the irradiated filtered (gamma) -radiation in a 
direction different from the irradiation direction of the 
(gamma) -radiation. 

29. The apparatus according to claims 23 to 28, characterized by means 
for imaging the irradiated target material according to the 
radiation emitted therefrom. 

30. The apparatus according to claims 23 to 29, characterized... 

.comprised in a molecule, particularly a hormone, a protein molecule 

and/or a peptide molecule. 
31 . The apparatus according to claim 30, characterized in that the 
Mosbauer absorber includes or consists 
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© Method and apparatus for selective irradiation of biological materials. 

© The invention relates to a method and an apparatus for frequency selective irradiation of biological materials 
and particularly tissues, cells and/or cell components of living organisms, in particular of human and animals, by 
irradiating a component element of the target material at the corresponding M50bauer absorption frequency. The 
component radiation absorption at the MSBbauer absorption frequency is thus enhanced many times over the 
absorption of the surrounding material having a different Moflbauer absorption frequency. The energy thusly 
absorbed by the target material component is converted to and remitted as Auger electrons, which provide 
intranuclear radiation resulting in lethal double strand breaks in the DNA molecules of the target. The irradiation 
is carried out in frequency and material selective modes, and may be combined with conventional 
chemotherapeutic agents to provide a further enhanced treatment modality. Moreover, the source frequency can 
be adjusted to enhance the killing effect. The method and apparatus according to the present invention are 
useful in combination with naturally occurring or administered pharmaceutical stable isotope absorbers, having 
significantly reduced side effects as compared with conventional chemotherapy or radiation therapy. 

The method and apparatus according to the invention can be applied for selective radiation therapy 
providing selective tissue damage or necrosis, in particular for cancer therapy, and for differentiating between 
diseased and normal tissues. 
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Detailed Description 

Claims 
English Abstract 

Pharmaceuticals and apparatus used in combination for diagnosis and 
tissue, necrosis applicable to provide effective and selective therapy 
using the Mossbauer absorption phenomenon. Selected pharmaceutical 
compounds . . . 

Detailed Description 

APOARATUS PROVIDING DIAGNOSIS 

AND SELLECrlVE TISSUE NECROSIS 

CROSS REFERENCE TO • RELATED APPLICATIONS 

This application is a continuation-in-part of my 

co . . . 

. . .Mossbauer effect for 

diagnostic and therapeutic purposes. 

BACKGROUND OF THE INVENTION 

In the treatment of tumors by ionizing 

radiation, typically X-rays or gamma rays are used. 

The ideal in radiation therapy of malignant disease 
is achieved when the tumor is completely eradicated, 
and the surrounding normal tissueo in the treated 
volume, shows little or. . . 

... or 

functional injury. The important factor in 
successful treatment is. the ' difference in 
radiosensitivity of neoplastic and normal cells, All 
tissues, normal and neoplastic , are affected by 
radiation so that radiosensitivity is a relative 
term, The basic consideration of radiation therapy 
is that cells that are actively : proliferating or that 
cells which are of a primitive... 



.tissue so that there is usually 



a considerable margin between doses that are damaging 
to neoplastic and to normal cells. If this is the 
case, then a multif raction dose schedule decreases 
the size of the tumor over time while permitting time 
SUBSTITUTE SHEIET 

between doses for normal tissue to recover, A 
constant fraction of tumor cells are killed with each 
treatment, and theoretically the tumor can be 
completely eliminated with a sufficient number of 
treatments. However, normal tissue has a... 

. s history 

is eventually reached. Exceeding this threshold 
results in unacceptable side effects. @Thus, the 

tumor volume must be reduced sufficiently before the 
threshold is reached or the cancer is incurable by 
this modality of therapy. 

SUMMARY OF THE INVENTION 

The present invention is pharmaceuticals, . 

.apparatus, and a process which provides diagnosis, 
therapy and other biological effects by use of highly 
selective absorption of ... analogously 
to the dispersion device in optical absorption. By 
varying the. driving velocity, a resonance system can 
be driven by the emitted gamma photons with regard to 
the nuclear energy transitions... 

.biological target such as the DNA of 

the target tissue as part of a therapeutic process , 
Alternatively, the present invention provides 
diagrams by monitoring the release of nonlethal 

energy,, as described. .. polarization and propagation direction conditions 
to 

achieve resonance in the MIRAGE absorber 
pharmaceutical. The- Apparatus, Systems , Compounds, 

methods ., and specifications; of use are described in 
detail below, 

BRIEF DESCRIPTION OF THE DRAWINGS 
These . . . 

.detailed description taken together with 
the drawing, wherein. 

Figo 1 is one embodiment of the: system apparatus 
of the present invention; 

Fige 2 is an alternate embodiment of the system 

apparatus@ of the present invention; 

Fige 3 is an alternate embodiment of a portion 

of the system of; Figs., I or 2 . , showing the position 

Of surface coils; 

Fige 3A is@ a. . . 

.isometric view of an alternate 

embodiment of an array of coils for use in the system 

apparatus of Figs. 1 and 2; 

SU-2ST! TU" '-!"E SLI 

Fig. 7 is an isometric drawing of a system 

according to the present invention showing ultrasound 




modulation of the gamma ray source and the... at the target area; 
Figs. 8 and 9 are graphical plots of data 
related to radiation therapy ; 
Figs, 10A, B and C are diagrammatic 

representations of the MIRAGE pharmaceutical 12/29/w. . . 
..a 3/201/2 transition 

in an oriented absorber with a unique principle axis 

system /and 
Figs. 17A and B are the spectra from, a single 
crystal of a . -Fe . . . 

..Urn ST ITUTE. SIN EMT 
DETAILED DESCRIPTION OF THE INVENTION 
The present invention includes the process of 
producing pharmaceuticals having desired Mossbauer 
nuclear parameters such that they possess physical 
5- and. . . 

..the target tissue via the Mossbauer 
effect, 

The pharmaceuticals of the present invention and 
the process of producing -the pharmaceuticals is 
discussed first,, which, is followed by the apparatus 
used in combination with selected pharmaceuticals to 
effect the Mossbauer absorption in a biological 
target as a process of the invention to provide a 
therapeutic or diagnostic function. The -lattert . 
apparatus., provides a... the 

pharmaceutical molecules present in the target 
selected tissue. 
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Implementation of the process for making MIRAGE 
pharmaceuticals involves selecting an atom responsive 

to the Nossbauer effect at a... includes a polarizing element, to polarize 
the 

emission. Polarized gamma rays are obtained by three 

methods : magnetized ferromagnetic sources, , 
quadrapole split sources., or filter techniques , In 
addition, the apparatus possesses means to produce 

external magnetic fields and ultrasonic beams to. . .producing means are 
described 

below in the Apparatus Section, 
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The process of providing selectivity by 

imparting magnetic fields with the apparatus involves 

providing a magnetic field. . . 

..of the nonselected tissue to the gamma 
rays and absorption by the selected tissue. 

The process of treatment involves using the 
pharmaceuticals and apparatus in combination to cause 
the Mossbauer ef ... direction is applied, 
or an ultrasonic beam i-s' applied, For the ultrasonic 
case, the process of effecting selectivity by causing 
an ultrasonic beam to intersect the administered 
gamma ray beam. . . 



.by changing the direction of the source 
polarization magnetic field in the case of a 

ferromagnetic source) , the magnetic field strength 
gradient (e.g, by changing the current in the surface 
coils which give rise... the source of fluorescence is 
used in a feedback loop which feeds into a control 

system which changes ' the magnetic field strength and 
direction; ultrasonic beam frequency, direction and 
power; and. . . 

.or past experience. 

A representative calculation of an effective photon 
flux for treatment to achieve necrosis , and the 
associated dose appears in the Theoretical Section as 
does the theory of achieving selectivity by the modes 
mentioned, (Implicit is that the process for 
diagnosis is the same as that for treatment with 

regards to excitation, Detection is... Testing Of MIRAGE Treatment 
Using MIRAGE Drug 12/29/w 

The human colon and breast cancer cell lines, 
HT29 and MCF7, respectively, were obtained from 
Cambridge Research Lab Inc.,, and were... 
.Lab Inc.,, which the Kundsln Lab tested for 
these organisms. The human breast and lung 1 cancer 
cell lines©, . HTB26 and A549, respectively, were 
obtained from the American Type Culture Collection, 
The... 

.normalized to that of the 

control, 

RESULTS 

The effects of lm rad levels of Mossbauer 
radiation absorbed during MIRAGE treatment of the 
cancer cell lines-MCF7, McCoy, HT29., HTB26, andA549 

using the MIRAGE drug 12/19/w . . . f or the 

elimination of a pathological cell population, 

Previous experiments demonstrated that the most 

potent killing effect in cells by radiation is from 

secondary particles produced by internal conversion 

of gamma ray energy followed. . . 

.nontoxic levels of radiation which are six orders of 
magnitude less than that of conventional radiation 

therapy where the Mossbauer effect was exploited for 
treatment, The ability to control the occurrence of... bronze. ; /i 
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( .Orqan.ometallic Compounds Methods of Synthesis 

Physical Constants and Chemical Reactions, Michael 

Dubb, Editor, 2nd Edition, Vol* III... with NaOH and copper bronze 

yield the antimony derivatized acridine 19 according 

to the method of O'Donnell, G.J., Iowa State Coll, J. 



Scior 20t 34-6 (1945); CA. . . dilithium naphthalene 39, is reacted 
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tellurium to yield the product 40 according to the 

method of Marfat, A,, et al, Journ al of the American 
Chemical Society,, 220, (1977) ppe...53, is 
reacted with trimethyllithium germanide, 15, . to give 
the product 55, according to the method described in 
Comprehensive organs Metallic: Chemistry, Sir Geoffrey 
Williams, Editor (19Z2) Vol, 2,, Cho 10 . . . 8-hydroxyquinoline which 
intercalates DNA 
directly. 

is synthesized using the indicated Mossbauer 
isotopes by the@ procedures referenced in The Actin de 
Elements, K*We Bagnall, (1972) pps 211-229, 
incorporated by. . . 

...103 is prepared as follows. 

Methylalcohol derivatized osmocene 101, which is 
prepared according to the method described in 
Comprehensive Organometallig ChemistjX, Geoffrey 
Wilkinson, Editor, (1982), q Vole 41 Pe 1018 

(incorporated. .. compound 130, is reacted with 
iridium adduct 131 to give, the product 132 by the 

procedure described by Gardner, S.A., et al, , Journal 
of Organometallic Chemistry, 60 (1973) 179-188... 

...reacted with diazonium 

adduct 134 to give the o-metallated adduct 135 
according to the method of Farrell, . N . ; et al, 
Journal of the Chemical Society, Dalton, Trans., 
1977, 2124j, incorporated... 

...with Grignard 

reagent 139 followed by chlorination to give chloride 
adduct 14 0 according to the procedure of Rausch, M.D. 

and Moser., G . A . , , Inorganic Chemistry, Vol. 13,, No. 1,, 
1974..'. 

...is reacted with phosphine 

compound 147 to give o-metallated adduct 148 
according to the procedure, described in Comprehensive 
Organometallic Chemistry., Geoffrey Wilkinson., Editor,, 
(1982) f Vole 5.* ppe 578-5870 ... and by 
isolating the product by filtration of evaporation of 
the solvent using reactions and techniques generally 
known to one skilled in the art. 

. . .protecting vials and may be 
refrigerated if necessary, 
THE APPARATUS 

The overall operation of the system may be 
exemplified by the Co 57 /Fe 15 7Mossbauer pair as 

follows: the radioactive ... changing the ultrasonic- . driving frequency. 

The source, or emitter of radiation, , can also 

include' the techniques known to Mossbauer 

spectroscopy of narrowing the line width or absorbing 

unwanted Mossbauer lines, In... 



. . . in Fig . 1 to 

give a characteristic plot of the treatment 
effectiveness. A spatially distributed system of. 

multiple detectors such as proportional counters or 
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scintilation detectors, or lithium drifted silicon... of 
treatment. A control signal can be derived from the 
f luorescence, and combined or processed by 

processor 94 of Fig. I according to the orientation 
of detectors which record signal direction and. . . 

...relative to the patient as shown in 

Fig* 2 and transverse to the patient. A system of 
such Helmholtz -coils are used as described below to 
effect the field characterstics necessary. . . 

...so that resonant absorption can be 

localized to specific dimensions (such as that of a 

tumor ) while maintaining nonresonant, , and therefore 
nonabsofptive, conditions in the surrounding 
nonselect.ed tissue at the energy ... rays ' propagation 
direction, and selective absorption will occur for 
the Am = 0 line by the process described in the 
Theoretical Section. 

An alteration of this scheme is to use two pairs ... realized 
selectivity by polarization and energy mechanisms 
discussed in the Theoretical Section. 

In a preferred method where f ields are used to 
achieve selectivity, treatment is carried out so that 
the... lenses and *collimated transducers to 
produce; narrow directed — ultrasonic beams are 
described in Medical imaging Systems , Albert 
Macovsik, ('1983), pp 173-223, incorporated by 
reference. 

Treatment is performed by directing the... common to both the path 212 of 
the 

gamma rays and the beam 20 6 of acoustic energy. 

Treatment can be controlled by a microprocessor 
which receives digitized input from peripheral 
sensors which follow. . . 
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of magnitude greater than the processing times of 
high speed Control systems . 

ADDITIONAL APPLICATIONS 

MIRAGE drugs and therapy have many diverse 
applications in addition to the treatment of cancer . 

For example, MIRAGE compounds can be used for imaging 
and for treatment of any disorder... 

. . .'used in scintiscans to gain diagnostic 

information based on the physiological properties of 
the pathological process . These properties include 



differential uptake, concentration, or excretion of 
the radionucleotide by normal versus diseased. . . 

.by hepatocytes, and the gallium ■ 

scan., in which the radionuclide 67 Ga is 

concentrated in neoplastic or inflammatory cells to a 

greater degree than in hepatocytes, Hence, , a 

SUBS if ruTrr . . . 

.or "hot spot" with a gallium scan, The 

gallium scan is also helpful in diagnosing neoplastic 

infiltration in the patient with cirrhosis, since the 

tumor will show increased uptake, while fibrous bands 
will show decreased uptake. Another major 
application of . . . 

.on differential 

uptake, - excretion, or concentration as a consequence 
of the physiology of the pathological process . But, . 
Mossbauer scintiscans also provide the ability to 
diagnose disease processes and to selectively image 
different tissues based on the phenomenon of the 
differential resonance frequency. . . 

.function of distance along the 

source axis, a correction algorithm has to be used to 

process the data to produce an* image of the actual 
distribution of the Mossbauer isotope or. . . 

.AUTOIMMUNE, AND 

TRANSPLANTATION REJECTION DISEASE 

A successful treatment for rheumatoid arthritis 

is@ the induction of necrosis of synovial cells of 

afflicted joints. For example, intra-articular 

radioactive synovectomy using the: radionucleotide... 

. inf lamation, effusion and pain in patients with 
rheumatoid arthritis. 

- MIRAGE ther apy provides selective cellular 

necrosis and • intra-articular MIRAGE synovectomy can 
be substituted for intra-articular radioactive 
synovectomy to give... 

.by substituting stable Mossbauer absorber isotopes 
16 5 

for radioactive Dy in the synovectomy 

treatment . , systemic radiation exposure from leakage 
is avoided. 

Ferric hydroxide macroaggregate is massive, in a 

recoil sense andOther diseases which can be cured by inducing 

necrosis of specific cell lines include autoimmune 
diseases and transplantation rejection disease which 
includes graft versus... 

. such as 

carboxyl, amino, sulfide, halogen, or carbonyl and 
condensing the two entities together by methods 
generally known to one skilled in the art, The 
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protein binds to surface of the... 

...and involved in 
atherosclerosis 

The occlusion of arteries is the end result of 
the atherosclerotic process which involves t 
following stages 1) repeated injury which denudes the 
vessel of endothelium, 2... 

...which make up the vessel 

wall. This is possible., however, with MIRAGE drugs 

which can kill cells which have: incorporated the drug 

by using levels of radiation which pose no threat to... 000 deaths per 

year which compares 

with 30,000 deaths per year due. to breast cancer , 
AIDS is a fatal disease with no specific treatment, 
and development of a vaccine presents... 

. . . from other human pathogenic viruses 

because it destroys the T cell segment of the immune 

system which normally is responsible for controlling 
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the elimination of a viral challenge. In... 

. . . cytopathic . 

Also, , the biology of the virus is such that it can 
elude the immune system during -a latent phase and 
then activate to produce virus at a tremendous rate 
before the host cell dies . This life cycle is a 
consequence of a transact ivating factor, tat III, and 
trs, a . . . 

. . .may require rapid viral protein synthesis and 

assembly in the race between virion release and cell 

death . The presence of large amounts of tat III at 
the time of a trs-mediated . . . can only slow the relentless progress of 
this 

disease which destroys the host's immune system by a 
T cell cytopathic life cycle, The viral message 
exists in the host DNA. . . 

j. ... in an 

infected individual is to destroy all such cells 
before the host's immune system is inundated with 
virus and irreversibly compromised. MIRAGE drugs 
represent agents which can selectively discriminate... 
...environment at the Mossbauer atom of an 

intercalating MIRAGE drug can be exploited cis a 

method to selectively eliminate HIV infected cells in 
the latent stage, Tat III is the only. . . 

...drug followed by systemic irradiation at the 
frequency of the created isomer shift will 
selectively kill latent infected cells and interrupt 
the infectious process . . 

THEORETICAL SECTION 

PRINCIPLES OF RADIATION THERAPY 

Ionizing radiation was found shortly after its 

discovery to be capable of reducing the growth of 



human tumors . Unfortunately the limitations of this 
modality were -discovered as patients developed 
catastrophic late compiications@ , The... 



. .must perform treatment such that the balance of these 
opposing ends is in favor of tumor ablation. The. 

total story of the cellular mechanisms involved 
remains elusive; however,, many, of the... 

..basic understanding of the effect of radiation on 
cells and the cellular response to damage. 

Radiation therapy involves; particle and 
electromagnetic radiation which causes damage to both 
normal .and cancer tissue. The goal is to ablate the 

tumor while preserving normal tissue. The principles 
involved are manifested in cell survival curves. In 
Fig... for ml and cc2 . 
*9 where 3 doubling times. Cells 
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exposed -to radiation reach a treatment threshold and 
then' are killed exponentially, the • survival number 
versus radiation dose is an exponential curve where a 
constant fraction of the cells are killed per 
treatment. All tumors can be controlled as 'the dose 
goes to infinity; however, it is the limitation of 
tolerance of normal tissue not the ability to control 
the tumor . which is the guide to treatment, Thus,, it 
can be appreciated that a significant 'factor... 
. . first 

order rate equation below. 

cl. Dose 
(6) 
N 

critical is a reduction of the tumor burden, N, , to a 
level which is no longer overwhelming to the body's 
natural defenses. 



Treatment with radiation can lead to a cure even 
though this is a local modality which has no effect 
on distant micrometastases despite the shedding of 

malignant cells by tumors , which are below the mass 
sufficient for diagnosis. Current data supports 
three explanations for this... 

.host has the ability 

to kill a limited number of viable metastatic 
cells, 

(3) The tumor mass influences its own metastatic 
potential. Radiation therapy by diminishing the 
mass reduces the source of clonogenic metastases 
and increases the host's ability to deal with 
SUBOT"UM SHFET 

residual micrometastases by eliminating the 

tumor 's adverse effect on the host immune system , 
The ideal in radiation therapy of malignant 
disease is achieved when the tumor is completely 
eradicated and the surrounding normal tissue of the 



treatment volume is structurally and. . . 

.intact The important factor in the successful 
treatment is the difference in the radiosensitivity 
of neoplastic and normal cells which is the slope, , 
M, of equation 6. The difference depends on... 

.damaged, In general, if 

surrounding tissue can tolerate twice the radiation 

dose of a given tumor . . then the tumor is 

radiosensitive. Alternatelyt a tumor which 

extensively involves both lungs, and may be cured 

with a dose of 3000 rads... 

.with radi ation therapy because of- the 

greater radiosensitivity of the' surrounding lung 

. tissue . 

All tumors can be eradicated by t reatment with 
sufficient radiation, But 1 ., damage to normal tissue 
is dose limiting due to the acute and late ef f ects of 

radiation therapy , Acute effects ...total dose limiting in 
radiation. They 

often progress with time and are usually 
include fibrosis, necrosis , 
irreversible, These 

fistula formation, non-healing ulcerations, and 
damage to specific organs such as spinal... 

. misleading 

as a guide to long term effects, There are a number 
of examples in radiation therapy where the total dose 
has been increased, , the size of the dose fraction 
increased or. . . 

.depletion of the stem cell pool. Acute ef f ects 
depend on the balance between cell killing and 
compensatory replication of both, the stem and 
proliferative compartments, The development of late 
effects . . . 

.that the stem cells have only a 

limited proliferative capacity. Compensation for 
extensive or repeated cell death may. exhaust this 
capacity, resulting in eventual organ failure. This 
phenomenon can be demonstrated for. . . 

.into irradiated mice until 

they lose the abillity to reconstitute the: recipient-' s 
marrow, 

Successful radiation - therapy can be understood 
from the dynamics of cellular responses to 
radiation. From the dynamic point of view, the basic 
difference between a normal renewal tissue of the 
body and a tumor is that in normal tissue there is an 
effective balance between cell production and cell 
loss; whereas@, in tumors ,, cell proliferation exceeds 
cell loss, The normal renewal tissue can be 
considered a ...of three types of cells: Stem 
cells - + Maturing cells -# Functioning cells. 



The cell cycle of cancer cells are- in general 
shorter than those of normal tissue. It is f ound in 
general that irradiation causes an elongation of the 
generation cycle of tumor cells while a corresponding 
shortening of the cell cycle of normal cells is the 
norm. . . 

. is 

enhanced if post radiation conditions are suboptimal 
for growth. Both of these mechanisms- favor tumor- 
cells over normal cells. 

Thus, a major factor leading to a cure and which 
underlies . . . 

.dose regimens 

that are so commonly employed in clinical . 
radiotherapy. 

As with normal tissue, different tumors have a 
range of radiosensitivity some being responsive to a 
few hundred rads, and others... 

.as much 

as 10,000 rads, and this variation can even exist 
within a specific tumor type. Furthermore, 
radioresistance is selected for in the tumor 
population as normal tissue regenerative capability 
declines, Thus., 1 it can be appreciated,, .from survival 
curves . . . 

.in Figs. 8 and 9,, that 

necessary but not sufficient conditions for a cure 
via radiation therapy are that the first order 
kinetics of cell kill must be such that enough cancer 

cells are killed and the tumor does not return' to its 
original mass in the time interval necessary for 
normal tissue to regenerate. And, the tumor volume 
is reduced to a level which can be eliminated by the 
host * s defenses ... 

.will ultimately produce unacceptable late 
effects . 
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PHYSICS OF RADIATION THERAPY 

Ionizing radiation exerts its effects on atoms 
primarily as a function of the number of electrons . 

Biological. . .but 

lacks the ability to repair double strand breaks 
which is the lethal event in radiation therapy . 

The radiation effects 1 on particular molecules 

such as DNA, are ascribed to two processes , direct 

and indirect action,- By direct action is meant the 

effects of energy directly in ... probability as demonstrated by the 

inverse 

relationship between the number, of decay events 

needed to kill a given cell type bya radioisotope and 

the number of radiated electrons which it produces. 
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.electron which is then 

ejected as an Auger electron to produce a new 
vacancy, The process continues shell by shell, until 
the valance shell is reached and thus leads to 
multiple . . . 

.an Auger cascade 

which cause radiolysis and double strand breakage is 
lethal to a cell, Radiation therapy is far less 
efficient requiring approximately 105 photons 

absorption events per cell to produce the with electromagnetic radiation 
doses one million times less than that of 

conventional radiation therapy , This is. accomplished 
by utilizing phenomenon common to electromagnetic 

radiation therapy and radioactive atomic DNA 
labeling, MIRAGE therapy entails using Mossbauer 
atomic labeled pharmaceuticals which bind. . . 

.the same as@ for the case of 125, 

labeled DNA. 1 Furthermore, this single: event will 

kill the target cell which is in contrast to 
conventional radiation therapy where mu-ltiple 
improbable events must occur simultaneously to 
produce a double strand break. 105... 

.needed for MIRAGE, therapy. 

The absorption cross-section for water the primary 
target of conventional radiation therapy is 
approximately 10 -25 CM2 whereas the resonant 
17 

cross-section for Mossbauer absorption , is 10 
25 cm which represents an eight order of magnitude 
improvement. This increased efficiency permits cell 
kill with .radiation doses of one millionth that of 
conventional therapy. 

PHYSICS AND-CHEMISTRY OF MIRAGE ... pharmaceutical 
molecule that permits the use of this phenomenon to 
selectively treat disease such as cancer . 

The Mossbauer effect is degraded by recoil 

energy of the emitted and absorbed photon. This... 

.the recoilless or recoil-free 

fraction. To increase the relative strength of the 
recoilless resonant process , it is important that f 
be as large as possible. The recoilless fraction f 
can . . .molecule . 

As described previously, Auger cascades in DNA 
binding pharmaceuticals cause DNA radiolysis -and 
concomitant death of the cells in the target tissue. 

The equation which relates the number of internal 
conversion events with... 



. respectively, 
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B= beta Representative Mossbauer Isotopes with Parameters Favorable for 
Cancer Theral 

Half Life Gamma Half Life /Auger Mossbauer 

of Ground Isotope Ray of Excited (Cross ... levels and well below levels 
that are necessary to 

cause acute or late effects of radiation therapy , 
Furthermore, , , MIRAGE therapy is a modality whereby the 
side effects of chemotherapy can be eliminated. 

MIRAGE drugs are... 

.Te and other isotopes from 

Table 7 appear in the Exemplary Material Section. 
SELECTIVITY 

Selective killing of selected' cells with sparing 
of nonselected cells can be achieved by several 
mechanisms . 

SUBS I I rUTE...the side bands, 
For case 1 

MIRAGE therapy can achieve selectivity in the 
case of cancer therapy in animals including humans 
via exploiting known selective uptake by cancer cells 
of compounds such as Bleomycin, , cationic lipophilic 
dyes such as Rhodanine, hematoporphryins , and 
monoclonal . . . 

.bound to the 

compound known to be selectively taken up by the 
SUBOTTrUTE SHEET 
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cancer , In contrast to chemotherapy., the selectivity 
need only be relative to other cell types in... 

.such as 

carboxyl, amino, sulfide, halogen, or carbonyl and 
condensing the two entities together by methods 
generally known to one skilled in the art. 

Colloids such as those of gallium are known to 
be concentrated by certain types of cancer cells and 
the same phenomenon is predicted for certain colloids 
of Mossbauer isotopes comprising massive... 

.incorporated into biological matrices including bone 
which is useful for the treatment of metastatic bone 

cancer '. Examples include 4 0 Kr 15 3 Gdv 
3G 161 Dyr 1 '3 Yq: 14gMt lsiuj . . . 

.the precursor molecules of 

thyroid hormones. All can serve as targets for 
treatment of thyroid cancer with MIRAGE therapy, And 
57 Fe can be incorporated into heme proteins and 
red blood. frequency of deoxyhemoglobin which differs 
from that of oxyhemoglobin to exploit the relative 
hypoxia of tumors where hypoxia result' in a greater 



concentration of deoxyhemoglobin . Furthermore, 
damage to the red blood cells in the tumor leads to 
coagulation followed by thrombosis of the blood 
supply to the tumor and concomitant tumor death. 

For case 2 

The energies of the nuclear states are weakly 
influenced by the... result of the 

presence of an internal magnetic field which can be 
generated by an unpaired electron in the atomic 
environment that can induce an imbalance in electron 
spin density at the nucleus or by ... realized in the 
selected cells which is different from that of 
nonselected cells, For example, cancer cells are 
known to have differences in ion concentrations and 
ph from normal cells. Binding ... only for the: proper spin 
moment alignment, Polarized gamma rays can be 
obtained by three methods , , magnetized ferromagnetic 
sources, quadrapole split sources, , or filter 

techniques as shown by U. Gonser and H. Fischer, 
Current Topics in the Physics of Mossbauer 
Spectroscoloy, The Exotic Side of the - method . 

Resonance Gamma Ray Polarimetry, 99 1 incorporated 
by reference, 

Selectivity via polarization of the source... 
..radiation and its dependence on 

orientation are determined by conservation of angular 
momentum in the system . of nucleus plus gamma ray 
(quantum selection rules) where the 
quantum-mechanical treatment of electromagnetic 

radiation leads to the introduction of photons which 
are bosons, of vanishing rest mass and quanti zed . . . the 
Am = 0 lines become strong. 

Selective eradication of a selected cell line 
such as cancer tissue can be achieved by polarizing 
the cancer tissue with an orientation different from 
surrounding normal tissue and by irradiating with 
radiation which... 

. . referring . to Figs. 17A and 

B, the nuclei of the MIRAGE pharmaceutical present in 
the cancer tissue can be aligned perpendicularly to 
the propagation direction of the gamma ray; whereas, 
the. . . . 

..By irradiation with 

gamma rays@ which are resonant with the Am = 0 
transition, , only the cancer tissue will absorb the 
radiation . 

SUBS I I rjjTE SHEET 
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For Case 5 

The... in the absence of the 

Mossbauer effects, The equation for determining the 
total dose from gamma ray treatment and the depth of 
penetration of the photons appears© in Table 11. 



SUBSTMUTE SHEET 
PCT. . . 



...radiation using a miniturized source and mass drive 
or ultrasonic drive. Breast, bowel, and pancreatic 

cancer are candidates for the former; and lung cancer 
is a candidate for the latter, Mossbauer sources of 
high energy gamma rays which penetrate deeply can be 
used- to treat tumors that are not located 
superficially. 155 Gd is the source of a 60 KeV 
Mossbauer ... 

. . . gm and represents 

a sui@Eable source for the treatment of primary and 
metastatic bone cancer and deep solid tumors , 
SUBSTMUTE SHEET 
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Modifications and substitutions of the 
compounds, pharmaceuticals, apparatus, methods , 

systems , and process , steps, made by one skilled in the 
art is within the scope of the present... 

Claim 

... one of a tablet, liquid, gel, cream, ointment,, 
spray, and lotion. 
SU19STITUTE, 9j4EeT . 

32 A system for providing localized MoSsbauer 
absorptions and selective release of energy in an. 

organic medium, comprising said source occurs in the Mossbauer 
absorber atom. 

33 The system of claim 32 wherein said source 
comprises one of a magnetized ferromagnetic source, a- 
quadrapole split source and a filtered source, 

34 The system of claim 32 wherein said means for 
conforming comprises: 

means for providing a gradient magnetic... 

. . .incident energy at a 

selected location within said organic media. 
SUBS UTE SHEET 



35 The system of claim 34, wherein said field 
gradient comprises field lines varying from 
substantially colinear with. . . 

...field line within the range of varying 

field lines which permitg Mossbauer absorptions. 

36 The system of claim 35, , wherein said means for 
conforming sequentially provides field lines of 
radial, transverse. . . 

...a plane parallel relative to said 



incident gamma rays., within said-organic media. 

37 The system of claim 36, wherein said means for 
conforming; includes a pair of Helmholtz coils having. . . 

...of said Helmholtz 

coil in opposition to the other of said Helmholtz 
coil, 

38 The system of claim 36., wherein said means for 
conforming includes : 

a plurality of Helmholtz coil's... 

. . . two coils 

having a current flow in mutual opposition, 
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3 9, The system of claim 32, , wherein said filtered 
source includes means for separating wanted from 
unwanted electromagnetic radiation. 

4 0 The system of claim 35, , wherein said means for 
separating includes a crystaline diffraction grating. 

41 The system of claim 32, wherein said 1 source of 
gamma rays comprises a tunable energy gamma ray 
source, 

42 The system of claim 41., wherein said source of 
gamma rays comprises a synchrotron source providing 
gamma rays of selected energy levels. 

43 The system of claim 32, , wherein said means for 
conforming comprises means for providing acoustic 
energy to one of said organic media and said source. 

44 The, system of claim 43, wherein said means for 
providing acoustic energy . provides ultrasound energy, 

45 The system of claim 43, wherein said means for 
providing acoustic energy provides said acoustic 
energy along . . . 

...rays at a selected target location in said 
organic media. 
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46 A process for providing spatially localized 
Mossbauer absorption in an organic medium, comprising 
the steps of: 

selectively ... absorption of the applied gamma rays by said 
selectively disposed Mossbauer absorber atom. ; 

47 The process of claim 4 6, wherein said step of 
applying comprises applying a gamma ray with a 
monochromatic line. 

4S, The process of claim 4 6, wherein said step of 
conforming includes, providing a gradient magnetic 
field of . . . 



..to the applied gamma rays, at a selected location within said- . organic 
media. 



49 Th@=. process of claim 46,, wherein the step of 
conforming comprises the step of applying acoustic 
energy. . . 

.coincide with the gamma 

ray energy at the selected location. 
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50 The process of claim 4 9, wherein the step of 
applying an acoustic energy comprises applying 
ultrasound energy. 

51 A process for providing spatially localized 
energy absorption in an organic medium of a 
biological system , comprising the steps of: 
administering a compound, containing a Mossbauer 
absorber atom whrch -is selectively uptaken to a 
selected location within said organic medium of said 
biological system / 

applying gamma ray energy from a source to the 
location of selective uptake in said. . . 

. . absorber 

atom at the selected locations,, providing absorption 
of the' gamma rays therein. 

52 The process of claim 51 wherein 1 the Mossbauer 
absorber atom comprise bone seeking Mossbauer 
absorber atoms, including... 

. .Gd, 1 5 7 Gd, 161 Dy., 1 61 Dy and 
14 9' Sm, 

53 The process of claim 51 wherein the step of 
administering a Mossbauer absorber atom comprises 
administering a compound containing a Moss,bauer' 
absorber atom, 

54 The process of claim 51, wherein the step of 
administering comprises the step of administering a 
compound containing a Mossbauer absorber atom having 
a selected molecule bound thereto, 
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55.. The process of claim 54, wherein said molecule 
comprises at least one of: 

a monoclonal antibody, , a hormone, , a derivatizing 
functionality, , a catonic lipophilic dye, a colloid, 
and an aggregatemblecule . 

56 The process of claim 55, wherein said 
derivatizing functionality includes hematoporphryin 
and bleomycin. 

57 The process of claim 54,, further including the 
step of binding one of the Mossbauer absorber atom. . . 

. .molecule to. a portion of - t@e organic media at 
the selected location, 



58 The process of claim 51, wherein the Mossbauer 
resonance of said Mossbauer absorber atom differs 
from said applied gamma rays, the process further 
including the step of: 

conforming the Mossbauer resonance 

characteristics energy of said Mossbauer absorber. . . 
, .Mossbauer 

absorption of the - applied gamma rays by said 
administered-Mossbauer absorber atom. 

59 The process of claim 58, further including the 
step of interacting the Mossbauer absorber atom with 
the. . . 

.hyper fine interaction and quadrapole interaction of 
the Moszbauer absorber atom nucleus, 
SUBSTrrLrre SHEEr 

60 The process of claim 58, wherein the step of 
conforming comprises the step of applying a magnetic... 

. applied gamma 

rays, permitting gamma ray energy absorption by said 
Mossbauer absorber atom. 

61 The process of claim 58, wherein the step of 
conforming comprises the step of applying acoustic 
energy. . . 

.absorber atom to coincide with the gamma 
ray energy at the selected location, 

62 The process of claim. 61, wherein the step of 
applying an acoustic energy' comprises applying 
ultrasound energy. 

63* A process of providing energy absorption at a 
selected target tissue in a biological system , 
comprising the steps of: 

administering a Mossbauer absorber atom to said 
biological system wherein the uptake of the Mossbauer 
absorber atom in the target tissue provides a locally. . . 

.of 

said Mossbauer absorber atom, permitting gama ray 
absorption therein, 
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64 A method of using the compound of claim i for 
medical diagnosis or treatment., comprising the steps 
.of: 

administering an effective amount of the 
compound to a biological system ; and 
selectively applying a selected frequency 
electromagnetic radiation to the biological system to 
ode Mossbauer absorption of said electromagnetic 
provi 

radiation at selected target areas within said 
biological system . , 



65 -The method of claim 64 wherein said 

electromagnetic radiation comprises gamma rays. 

66 The method of claim 64., 'wherein said step of 

administering compri .ses at least one of intravenoust 

intramuscular, subcutaneous, intra-arterial and 

intra-articular injection of said compound. 

67 . , The method of claim 64, wherein said step of 

P 

administering comprises at least- one of topical 
application and oral administration.. 

68 The method of claim 64, wherein said step of 
selectively applying comprises employing 
electromagnetic radiation at a dose effective to 
eliminate cell lines causing selective necrosis at 
said target areas, 

69 The method of claim 64, wherein said biological 
system comprises an animal; 

said target area comprises a cancer / and 
s@aid Mossbauer absorption by said compound 
causes cancer necrosis . 
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70 The method of cl aim 69t wherein said animal 
comprises a human* 

J, 
'r 
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APPARATUS PROVIDING DIAGNOSIS 

AND SELECTIVE TISSUE NECROSIS 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of my 
co . . . 

.Mossbauer effect for 

diagnostic and therapeutic purposes. 

BACKGROUND OF THE INVENTION 

In the treatment of tumors by ionizing 

radiation, typically X-rays or gamma rays are used, 

The ideal in radiation therapy of malignant disease 

is achieved when the tumor is completely eradicated, 

and the surrounding normal tissue, in the treated 

volume, shows little or... 

. or 

functional injury. The important factor in 
successful treatment is the difference in 
radiosensitivity of neoplastic and normal cells. All 
tissues, normal and neoplastic , are affected by 
radiation so that radiosensitivity is a relative 
term, The basic consideration of radiation therapy 
is that cells that are actively proliferating or that 
cells which are of a primitive... 

.tissue so that there is usually 

a considerable margin between doses that are damaging 
to neoplastic and to normal cells. If this is the 
case, then a multif raction dose schedule decreases 
the size of the tumor over time while permitting time 
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between doses for normal tissue to recover, A 
constant fraction of tumor cells are killed with each 
treatment, and theoretically the tumor can be 
completely eliminated with a sufficient number of 
treatments. However, normal tissue has a... 

. . . s history 

is eventually reached. Exceeding this threshold 
results in unacceptable side effects. Thus, the 

tumor volume must be reduced sufficient ly before the 
threshold is reached or the cancer is incurable by 
this modality of therapy. 
SUMMARY OF THE INVENTION 

The present invention is pharmaceuticals, 

apparatus, , and a process which provides diagnosis, 

therapy and other biological effects by use of highly 

selective absorption of ... analogously 

to the dispersion device in optical absorption. By 

varying the driving velocity, , a resonance system can 

be driven by the emitted gamma photons with regard to 

the nuclear energy transitions... 

. . .biological target such as the DNA of 

the target tissfie as part of a therapeutic process . 
Alternatively, the present invention provides 
diagrams by monitoring the release . of nonlethal 

energy, as described. . .polarization and propagation direction conditions 
to 

achieve resonance in the MIRAGE absorber 
pharmaceutical, The Apparatus, Systems , Compounds, 

Methods , and specifications of use are described in 
detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These. . . 

...detailed description taken together with 
the drawing, wherein: 

Fig* 1 is one embodiment of the system apparatus 
of the present invention; 

Fige 2 is an alternate embodiment of the system 

apparatus of the' present invention; 

Fige 3 is an alternate embodiment of a portion 

of the system of Figs. 1 or 2., showing the position 

of surface coils; 

Fig, 3A is a. . . 

...isometric view of an alternate 

embodiment of an array .of coils for use in the system 
apparatus of Figs, 1 and 2, ; 
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Fig. 7 is an isometric drawing of a system 
according to the present invention showing ultrasound 
modulation of the gamma ray source and the. . . 

...at the target area; 

Figs* 8 and 9. are graphical plots of data 
related to radiation therapy ; 
Figs. 10A, B and C are diagrammatic 

representations of the MIRAGE pharmaceutical 12/ ...a 3/2-+1/2 transition 



in an oriented absorber with a unique principle axis 

system ; and 
Figs, 17A and B are the spectra from a single 
crystal of a-Fe . . . 

.300 K, 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention includes the process of 
producing pharmaceuticals having desired Mossbauer 
nuclear parameters such that they possess physical 
and chemical . . . 

.the target tissue via the Mossbauer 
effect . 

The pharmaceuticals of the present invention and 
the process of producing the pharmaceuticals is 
discussed first, which is followed by the apparatus 
used in combination with selected — pharmaceuticals to 
effect the Mossbauer absorption in a biological 
target as a process of the invention to provide a 
therapeutic or diagnostic function. The latter, 
apparatusq provides a... the 

pharmaceutical molecules present in the target 
selected tissue, 
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Implementation of the process for making MIRAGE 
pharmaceuticals involves selecting an atom responsive ■ 

to the Mossbauer effect at a... includes a polarizing element, to polarize 
the 

emission. Polarized gamma rays are obtained by three 

methods : magnetized ferromagnetic, sources, 
quadrapole split sourcesF or filter techniques . In 
addition, the apparatus possesses means to produce 
external magnetic fields and ultrasonic beams toSUBSTITUTE SHEET 
The process of providing selectivity by 
imparting magnetic f ields with the apparatus involves 
providing a magnetic. . . 

.of the nonselected tissue to the gamma 
rays and absorption by the selected tissue, 
The process of treatment involves using the 
pharmaceuticals and apparatus in combination to cause 
the Mossbauer effect... 

.and - direction is applied, 

or an ultrasonic beam is applied. For the ultrasonic 
case, the process of effecting selectivity by causing 
an ultrasonic beam to intersect the administered 
gamma ray beam. . .by changing the direction of the source 
polarization magnetic field in the case of a 

ferromagnetic' source),, the magnetic field strength 
gradient (e.g. by changing the current in the surface 
coils which give rise... the source of fluorescence is 
used in a feedback loop which feeds into* a control 

system which changes the magnetic field strength and 
direction; ultrasonic beam frequency, direction and 
power; and. . . 




..or past experience. 

A representative calculation of an effective photon 
flux for treatment to achieve necrosis and the 
associated dose appears in the Theoretical Section as 
does the theory of achieving selectivity by the modes 
mentioned. (Implicit is that the process for 
diagnosis is the same as that for treatment with 
regards to excitation. Detection is... 

..Testing Of MIRAGE Treatment 
Using MIRAGE Drug 12/29/w 

The human colon and breast cancer cell lines., 
HT29 and MCF7, respectively, were obtained from 

Cambridge Research Lab Inc., and were... Lab Inc.,, which the Kundsin Lab 
tested for 

these organisms. The human breast and lung cancer 
cell lines, HTB26 and A549,, respectively, were 
obtained from the American Type Culture Collection. 
The ... 

. .normalized to that of the 
control, 
RESULTS 

The effects of lm rad levels of Mossbauer 

radiation absorbed during MIRAGE treatment of the 

cancer cell- lines MCF7 , McCoy, HT29, HTB26, and A549 
using, the MIRAGE drug 12/1 9/w ... for the 
elimination of a pathological cell population. 
Previous experiments demonstrated that the most 
potent killing effect in cells by radiation is from 
secondary particles produced by internal conversion 
of gamma ray energy followed. . . 

..nontoxic levels of radiation which are six orders of 
magnitude less than that of conventional radiation 

therapy where the Mossbauer effect was exploited for 
treatment, The ability to control the occurrence of...Ory 
A / A 
@b 

A 5b 
ary 
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(Organometallic Corn-Pounds Methods of Synthesis 

, Physical -Constants and Chemical Reactions., Michael 

Dubb., Editor, 2nd Edition, Vole III, (1968... with NaOH and copper bronze 
to 

yield the antimony derivatized acridine 19 according 
to the method of O'Donnell, G.J., Iowa State Coll, J. 

Sci,,, 20,, 34-6 (1945); CA. . . dilithium naphthalene 39, is reacted with 
tellurium to yield the product 40 according to the 

method of Marfat, A., et al, Journal of the American 
Chemical Society, 99't (1977) ppe...53, is 
reacted with' trimethyllithium germanide 15,, to give 
the product 55, , according to the method described in 
Qmprghensive Organs Me-t-allic @Qhemistry, Sir Geoffrey 

Williams, Editor (1982) Vol. 2 . . . hydroxyquinoline which intercalates DNA 
directly, 

90 is synthesized using the indicated Mossbauer 
isotopes by the procedures referenced in The Actinide 
Elements, Kew* Bagnall, (1972) pp. 211-229, 



incorporated by reference, 
A3q 101, which is 

prepared according to the method described in 
Comprehensive Organometallic Chemistry, Geoffrey 
Wilkinson, Editor, (1982), Vol. 4, Po 1018 
(incorporated by ... compound 130, is reacted with 
iridium adduct 131 to give the product 132 by the 

procedure described by Gardner, S.A., et al, Journal 
of Organometallic Chemistry, 60 (1973) 179-188j . . . 

.reacted with diazonium 

adduct 134 to give the o-metallated adduct 135 
according to the method of Farrell, N, ; et al, 
Journal of the Chemical Society, Dalton, Trans . 1 
1977j, 2124... 

.with G.rignard 

reagent 139 followed by chlorination to give chloride 
adduct 140 according to the procedure of Rausch, M.D. 
and Moser, G.A., Inorganic Chemistry, Vol. 13, No. 1, 
1974 . . . 

.is reacted with phosphine 

compound 147 to give o-metallated adduct 148 

according to the procedure described in Comprehgnsive 

Organometallic . . .and by 

isolating the product by filtration of evaporation of 
the solvent using reactions and techniques generally 
known to one skilled in the art. 

For example,, sodium thiosulfate is treated with ... protecting vials and 
may be 

refrigerated if necessary. 
THE APPARATUS 

The overall operation of the system may be 
exemplified by the C057 /Fe 5 -7Mossbauer pair as 

follows: the radioactive source ... changing the ultrasonic driving 
frequency. 

The source, or emitter of radiation, , can also 
include the techniques known to Mossbauer 
spectroscopy of narrowing the line width or absorbing 
unwanted Mossbauer lines. In... in Fig, 1 to 
give a characteristic plot of the treatment 
effectiveness. A spatially distributed system of 
multiple detectors such as proportional counters or 
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scintilation detectors, or lithium drifted. . . 
.intensity of 

treatment, A control signal can be derived from the 
fluorescence, and combined or processe -d by 

processor 94 of Fig. 1 according to the orientation 
of detectors which record signal direction and. . . 

.relative to the patient as shown in 

Fig* 2 and transverse to the patient, A system of 

such Helmholtz coils are used as described below to 

effect the field characterstics necessary ... so that resonant absorption 
can be 

localized to specific dimensions (such as that of a 
tumor ) while maintaining nonresonant, and therefore 



nonabsorptive, conditions in the surrounding 
nonselected tissue at the energy ... rays ' propagation 
direction, and selective absorption will occur for 
the Am = 0 line by the process described in the 
Theoretical Section, 

An alteration of this scheme is to use two pairs ... realized 
selectivity by polarization and energy mechanisms 
discussed in the Theoretical Section. 
I*** In a preferred method where fields are used to 

achieve selectivity, treatment is carried ...common to both the path 212 
of the 

gamma rays and the beam 206 of acoustic energy. 

Treatment can be controlled by a microprocessor 
which receives digitized input from peripheral 
sensors wh 

ich. . . 
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of magnitude greater than the processing times of 
high speed control systems . 
ADDITIONAL APPLICATIONS 

MIRAGE drugs and therapy have many diverse 
applications in addition to the treatment of cancer . 
For example, MIRAGE compounds can be used for imaging 
and for treatment of any disorder;.. 

...used in scintiscans to gain diagnostic 

information based on the physiological properties of 
the pathological process . These properties include 
differential uptake,, concentration,, or excretion of 

the radionucleotide by normal versus diseased. . .by hepatocytes, and the 
gallium 

scan, in which the radionuclide 67 Ga is 

concentrated in neoplastic or inflammatory cells to a 

greater degree than in hepatocytes, Hence, , a 

sues I TTUTIE. . . 

...or "hot spot" with a gallium scan. The 

gallium scan is also helpful in diagnosing neoplastic 
infiltration in the patient with cirrhosis, since the 

tumor will show increased uptake, while fibrous bands 
will show decreased uptake. Another major 
application of . . . 

...on differential 

uptake, excretion, or concentration as a consequence 

of the physiology of the pathological process , But.. 

Mossbauer scintiscans also provide the ability to 

diagnose disease processes and to selectively image 

different tissues based on the phenomenon of the 

differential resonance frequency. . . 
...function of distance along the 

source axis, a correction algorithm has to be used to 
process the data to produce an image of. the actual 

distribution of the mossbauer isotope or... 



. . AUTOIMMUNE, AND 
TRANSPLANTATION REJECTION DISEASE 



V 

A successful treatment for rheumatoid arthritis 
is the induction of necrosis of synovial cells of 
afflicted joints. For example, intra-articular . 
radioactive synovectomy using the radionucleotide . . . 

. . . reducing 

inflamation, effusion and pain in patients with 
rheumatoid arthritis, 

MIRAGE therapy provides selective cellular 

necrosis and intra-articular MIRAGE synovectomy can 
be substituted for intra-articular radioactive 
synovectomy to give. . . 

. . . and 

by substituting stable Mossbauer absorber isotopes 
for radioactive 1 6 5Dy in the synovectomy 

treatment , systemic radiation exposure from leakage 
is avoided. 

Ferric hydroxide macroaggregate is massive in a 
recoil sense and. . . 

...Mossbauer radiation is administered to 
the joints. 

Other diseases which can be cured by inducing 

necrosis of specific cell lines include autoimmune 
diseases and transplantation rejection disease which 
includes graft versus. . . 

. . . such as 

carboxyl, amino, sulfide., halogen,, or carbonyl and 
condensing the two entities together by methods 
generally known to one skilled in the art, The 
protein binds to surface of the... 

...and involved in 
atherosclerosis, 

The occlusion of arteries is the end result of 
the atherosclerotic process which involves the 
following stages 1) repeated injury which denudes the 

vessel of endothelium, 2 which can kill cells which have incorporated 
the drug 

by using levels of radiation which pose no threat to.... 

...000 deaths per year which compares 

with 30,, 000 deaths per year due to breast cancer , 
AIDS is a fatal disease with no specific treatment, 
and development of a vaccine presents... 

. . . from other human -pathogenic viruses 

because it destroys the T cell segment of the immune 

system which normally is responsible for controlling 
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the elimination of a viral challenge... 

. . . cytopathic . 

Also, the biology of the virus is such that it can 
elude the immune system during a latent phase and 
then activate to produce virus at a tremendous rate 
before the host cell dies . This life cycle is a 




consequence of a transactivating factor., tat III,, and 
trs, a.,. may require rapid viral protein synthesis and 
assembly in the race between virion release and cell 
death , . The presence of large amounts of tat III at 
the time of a trs-mediated . . . 

...enzymes can only slow the relentless progress of this 
disease which destroys the hostes immune system by a 
T cell cytopathic life cycle. The viral message 
exists in the host DNA . . . 

. . . in an 

infected individual is to destroy all such cells 
before the host's immune system is inundated with 
virus and irreversibly compromised. MIRAGE drugs 
represent agents which can selectively discriminate... 

...environment at the Mossbauer atom of an 

intercalating MIRAGE drug can be exploited as a 
method to selectively eliminate HIV infected cells in 

the latent stage, Tat III is the only... 
...drug followed by systemic irradiation at the 

frequency of the created isomer shift will 

selectively kill latent infected cells and interrupt 

the infectious process . 

THEORETICAL SECTION 

PRINCIPLES OF RADIATION THERAPY 
Ionizing radiation was found shortly after its 
discovery to be capable of reducing the growth of 
human tumors , Unfortunately the limitations of this 
modality were discovered as patients developed 

catastrophic late complications. The such that the balance of these 
opposing ends is in favor of tumor ablation. The 
total story of. the cellular mechanisms involved 
remains elusive; however, many of the... 

. . .basic understanding of the effect of radiation on 
cells and the cellular response to damage, 

Radiation therapy involves particle and 
electromagnetic radiation which causes damage to both 
normal and cancer tissue. The goal is to ablate the 

tumor while preserving normal tissue. The principles 
involved are manifested in cell survival curves, In 
Fig. . . 

. . .m2 = 

*9 where 3 doubling times. Cells 
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exposed to radiation reach a treatment threshold and 
then are killed exponentially, the survival number 
versus radiation dose is an exponential curve where a 
constant fraction of the . cells are killed per 
treatment. All tumors can be controlled as 'the dose 
goes to infinity; however, , it is the limitation of 
tolerance of normal tissue not the ability to control 
the tumor which is the guide to treatment, Thus,, it 
can be appreciated that a significant factor. . . 

...rate equation below: 



1 \ 



N o (D 6s e. (6) 

Critical is a reduction of the tumor burden,, -N., to a 
level which is no longer overwhelming to the body's 
natural defenses. 

Treatment with radiation can lead to a cure even 
though this is a local modality which has no effect 
on distant micrometastases despite the shedding of 

malignant cells by tumors which are below the mass 
sufficient for diagnosis. Current data supports 
three explanations for this... 

...host has the ability 

to kill a limited number of viable metastatic 
cells. 

(3) The tumor mass influences its own metastatic 
potential. Radiation therapy by diminishing the 
mass reduces the source of. clonogenic metastases 
and increases the host's ability to deal with 
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residual micrometastases by eliminating the 

tumor 's adverse effect on the host immune system , 
The ideal in radiation therapy of malignant 
disease is achieved when the tumor is completely 
eradicated and the surrounding normal tissue of the 
treatment volume is structurally and. . . 
...intact, The important factor in the successful 
treatment is the difference in the radiosensitivity 
of neoplastic and normal cells which is the slope, , 

Ml of equation 6. The difference depends on ... damaged . In general, if 

surrounding tissue can tolerate twice the radiation 

dose of a given tumor , , then the tumor is 

radiosensitive. Alternately, a tumor which 

extensively involves both lungs, and may be cured 

with a dose of 3000 rads, cannot be treated 

effectively with radiation therapy because of the 

greater radiosensitivity of the surrounding lung 

tissue . 

All tumors can be eradicated by treatment with 
sufficient radiation . But, , damage to normal tissue 
is dose limiting due to the acute and late effects of 

radiation therapy , Acute effects include 
esophagitis, pneumonitis, and diarrhea. They occur 
Z shortly after treatment and limit... 

...limiting in radiation. They 

often progress with time and are usually 
irreversible, These include fibrosis, necrosis , 
fistula formation, non-healing ulcerations, and 
****** damage to specific organs such as spinal cord 

transection ... 

. . . as a guide to long term ef fects, There are a number 
of examples in radiation therapy where the total dose 
has been increased,, the size of the dose f raction 
increased. . . 

. . ; due 

to depletion of the stem cell pool, Acute effects 
depend on the balance between cell killing and 



compensatory replication of both the stem and 
proliferative compartments. The development of late 
effects . . . 

.that the stem cells have only a 

limited proliferative capacity. Compensation for 
extensive or repeated cell death may exhaust this 
capacity resulting in ...into irradiated mice until 
they lose the ability to reconstitute the recipient's 
marrow. 

Successful radiation therapy can be understood 
from the dynamics of cellular responses to 
radiation. From the dynamic point of view, the basic 
difference between a normal renewal tissue of the 
body and a tumor is that in normal tissue there is an 
effective balance between cell production and cell 
loss; whereas, in tumors , cell proliferation exceeds 
cell loss. The normal renewal tissue can be 
considered a hierarchy of three types of cells: Stem 
cells -4 Maturing cells -+ Functioning cells. 
The cell cycle of cancer cells are in general 
shorter than those of normal tissue, It is found in 
general that irradiation causes an elongation of the 
generation cycle of tumor cells while a corresponding 
shortening of the cell cycle of normal cells is the 
norm. . . 

. is 

enhanced if post radiation conditions are suboptimal 
for growth. Both of these mechanisms favor tumor 
cells over normal cells. 

Thus, a major factor leading to a cure and which 
underlies . . . 

.dose regimens 

that are so commonly employed"@ in clinical 
radiotherapy. 

As with normal tissue, , different tumors have a 
range of radiosensitivity-some being responsive to a 
few hundred rads, and others... 

.as much 

as 10,000 rads, and this variation can even exist 
within a specific tumor type. Furthermore, 
radioresistanc6 is selected for in the tumor 
population as normal tissue regenerative capability 
declines. Thus, it can be appreciated, from survival 
curves . . . 

.in Figs. 8 and 9., that 

necessary but not sufficient conditions for a cure 
via radiation therapy are that the- first order 
kinetics of cell kill must be sucly that enough cancer 
cells are killed and the tumor does not return to its 
original mass in the time interval necessary for 
normal tissue to regenerate, And, , the tumor volume 
is reduced to a level which can be eliminated by the 
host 1 s defenses ... 



.which will ultimately produce unacceptable late: 



effects . . 
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PHYSICS OF RADIATION THERAPY 

Ionizing radiation exerts its effects on atoms 
primarily as a function of the number of electrons. 
Biological ... but 

lacks the ability to repair double strand breaks 
which is the lethal event in radiation therapy . 
The radiation effects on particular molecules 
such as DNA, , are ascribed to two processes , , direct 
and indirect action, By direct action is meant the 

effects of energy directly in ... probability as demonstrated by the 
inverse 

relationship between the number of decay events 

needed to kill a given cell type bya radioisotope and 

the number of radiated electrons which it produces. 
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..electron which is then 

ejected as an Auger electron to produce a new 
vacancy, The process continues shell by shell, until 
the valance shell is reached and thus leads to 
multiple ... an Auger cascade 

which cause radiolysis and double strand breakage is 
lethal to a cell, Radiation therapy is far less 
efficient requiring approximately 105 photons 
absorption events per cell to-produce the... 

..radioactive atoms and with electromagnetic radiation 
doses one million times less than that of 
conventional radiation therapy . This is accomplished 
by utilizing phenomenon common to electromagnetic 

radiation therapy and radioactive atomic DNA 
labeling, MIRAGE therapy entails using Mossbauer 
atomic labeled pharmaceuticals which bind. . . 

. .for the case of 1 2 5 I 
labeled DNA, Furthermore, this single event will 
kill the target cell which is in contrast to 
conventional radiation therapy where multiple 
improbable events must occur simultaneously to 
produce a double strand break, 105 photons... 

..needed for MIRAGE therapy, 

The absorption cross-section for water the primary 
target of conventional radiation therapy is 
approximately 10@25 cm 2 whereas the resonant 
cross-section for Mossbauer absorption is 10- 17 
cm2 which represents an eight order of magnitude 
improvement. This increased efficiency permits cell 
kill with radiation 

doses of one millionth that of 
conventional therapy, 

PHYSICS AND CHEMISTRY OF MIRAGE ... pharmaceutical 
molecule that permits the use of this phenomenon to 
selectively treat disease such as cancer . 
The Mossbauer effect is degraded by recoil 

energy of the emitted and absorbed photon. This... the recoilless or 




recoil-free 

fraction. To increase the relative strength of the 
recoilless resonant process , , it is important that f 
be as large as possible. The recoilless fraction f 
can . . . 

. . .molecule . 

As described previously, Auger cascades in DNA 
binding pharmaceuticals cause DNA radiolysis and 
concomitant death of the cells in the target tissue, 
The equation which relates the number of internal 
conversion events with ... respectively, 
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alpha 

B= beta Representative Mossbauer Isotopes with Parameters Favorable for 
Cancer Therapy 

Half Life Gamma Half Life /Auger Mossbauer 

of Ground Isotope Ray or Excited (Cross- Line Ret 

State (yr. .. levels and well below levels that are necessary to 

cause acute or late effects of radiation therapy . 

Furthermore, MIRAGE therapy is a modality whereby the 

side effects of chemotherapy can be eliminated, 

MIRAGE drugs are isotopes from 

Table 7 appear in the Exemplary Material Section. 
SELECTIVITY 

Selective killing of selected cells with, sparing 
of nonselected cells can be achieved by several 
mechanisms : 

SUIRS T ITUTE SHEET. . . 

. . . the side bands . 
For case 1 

IRAGE therapy can achieve selectivity in the 
case of cancer therapy in animals including humans 
via exploiting known selective uptake by cancer cells 
of compounds such as Bleomycin, cationic lipophilic 
dyes such as Rhodanine, hematoporphryins , and 
monoclonal ... 

. . .bound to the 

compound known to be selectively taken up by the 
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cancer , In contrast to chemotherapy, the selectivity 
need only be relative to other bell types in... 

. . . such as 

carboxyl, amino, sulfide, halogen, or carbonyl and 

condensing the two entities together by methods 

generally known to one skilled in the art, 

Colloids such as those of gallium are known to 

be concentrated by certain types of cancer cells and 

the same phenomenon is predicted for certain colloids 

of Mossbauer isotopes comprising massive... 

...incorporated into biological matrices including bone 
which is useful for the treatment of metastatic bone 

cancer , Examples include 4 0 Ko is 3 Gd/ 
1 6 IDyj, 16 3YI 1 4gM J... the precursor molecules of 



thyroid hormones. All can serve as targets for 
treatment of thyroid cancer with MIRAGE therapy. And 
57 Fe can be incorporated into heme proteins and 
red blood. . . 

.frequency of deoxyhemoglobin which differs 
from that of oxyhemoglobin to exploit the relative 
hypoxia of tumors where hypoxia results in a greater 
concentration of deoxyhemoglobin. Furthermore, 
damage to the red blood cells in the tumor leads to 
coagulation followed by thrombosis of the blood 
supply to the tumor and concomitant , tumor death, 
I 5 For case 2 ' 

The energies of the nuclear states are weakly 
inf... result of the 

presence of an internal magnetic field which can be 
generated by an unpaired electron in the atomic 
environment that can induce an imbalance in electron 
spin density at the nucleus or by ... realized in the 
selected cells which is different from that of 
nonselected cells. For example, cancer cells are 
known to have differences in ion concentrations and 
ph from normal cells. Binding ... only for the proper spin 
moment alignment. Polarized gamma rays can be 
obtained by three methods , magnetized ferromagnetic 
sources, quadrapole split sources, or filter 

techniques as shown by U. Gonser and H. Fischer, 
Current Topics in the Physics of Mossbauer 
Spectroscopy, The Exotic Side of the Method : 
Resonance Gamma Ray Polarimetry, 99-135; incorporated 
by reference. 

Selectivity via polarization of the source... 
.radiation and its dependence on 

orientation are determined by conservation of angular 
momentum in the system of nucleus plus gamma ray 
(quantum selection rules) where the 
quantum-mechanical - treatment of electromagnetic 

radiation leads to the introduction of photons which 
are bqsons of vanishing rest mass and quantized ... the 
Am = 0 lines become strong, 

Selective eradication of a selected cell line 
such as cancer tissue can be achieved by polarizing 
the cancer tissue with an orientation different from 
surrounding normal tissue and by irradiating with 
radiation which. . . 

.referring to Figs, 17A and 

B, the nuclei of the MIRAGE pharmaceutical present in 
the cancer tissue can be aligned perpendicularly to 
the propagation direction of the gamma ray; whereas, 
the... By irradiation with 

gamma rays which are resonant with the Am = 0 

transition, only the cancer tissue will absorb the 

radiation . 

SUE3811 rUTE SHEET 
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For Case 5 

The line shape... in the absence of the 

Mossbauer effects. The equation for determining the 



ir 



total dose from gamma ray treatment and the depth of 
penetration of the photons appears in Table 11, 
SUBSTITUTE SHEET 
I. . . 

...radiation using a miniturized source and mass drive . 
or ultrasonic drive. Breast,, bowel., and pancreatic 

cancer are candidates for the former; and lung cancer 
is a candidate for the latter, Mossbauer sources of 
high energy gamma rays which penetrate deeply can be 
used to treat tumors that are not located 
superficially, 155 Gd is the source of a 60 KeV 
Mossbauer . . . 

...cm2/gm and represents 

a suitable source for the treatment of primary and 
metastatic bone cancer and deep solid tumors . 
SUBSTMJTE SHEET 
ja3Hs 3jLnju.Lssns 
a% tA -A@, W hj =mmo= 

=Q== 0 00 a... 125 DAUGHTER IS STABLE* 
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Modifications and substitutions of the 
compounds, pharmaceuticals, apparatus, methods , 

systems , and process steps made by one skilled in the 
art is within the scope of the present ... one of a tablet,, liquid, gel, 
cream, ointment, 
spray, and lotion, 
SUBSTITLME, gMSET 

32 A system for providing localized Mossbauer 
absorptions and selective release of energy in an 
organic medium, comprising ... of the 

gamma rays from said source occurs in the Mossbauer 
absorber atom. 

33 The system of claim 32 wherein said source 
comprises one of a magnetized ferromagnetic source, a 

- quadrapole split source and a filtered source. 

j.^ 34 The system of claim 32 wherein said means for 

conforming comprises : @ 

means for providing a gradient magnetic... 
... a 

selected location within said organic media. 
SUES III UTE SHEET 



35 The system of claim 34, wherein said field 
gradient comprises field lines varying from 
substantially colinear with. . . 

. field line within the range of varying 

field lines which permits Mossbauer absorptions. 

36 The system of claim 35, , wherein said means for 
conforming sequentially provides field lines of 
radial, transverse. . . 




...a plane parallel relative to said 

incident gamma rays, within said organic media. 

37 The system of claim 36, wherein said means for 
conforming includes a pair of Helmholtz coils having... 

...of said Helmholtz 

coil in opposition to the other of said Helmholtz 
coil . 

38 The system of claim 36, wherein said means for 
conforming includes : 

a plurality of Helmholtz coils having... 

...at least two coils 

having a current flow in mutual opposition, 
SURaTn 1 JMSHIEEr 

39 The system of claim 32, wherein said filtered 
source includes means for separating wanted from 
unwanted electromagnetic radiation. 

4 0 The system of claim 35, wherein said means for 
separating includes a crystaline diffraction grating. 

41 The system of claim 32, wherein said source of 
gamma rays comprises a tunable energy gamma ray 
source. 

42 The system of claim 41, wherein said source of 
gamma rays comprises a synchrotron source providing 
gamma rays ot selected energy levels. 

43 The system of claim 32, wherein said means for 
conforming comprises means for providing acoustic 
energy to one of said organic media and said source. 

44 The system of claim 43, wherein said means for 
providing acoustic energy provides ultrasound. energy. 

45 The system of claim 43., .wherein said means for 
providing acoustic energy provides said acoustic 
energy along . . . 

...rays at -a selected target location in said 
organic media. 
8UB 1 MTLrre, SHE 

46 A process for providing spatially localized 
Mossbauer absorption in an organic medium, comprising 
the steps of: 

selectively ...absorption of the applied gamma rays by said 
selectively disposed Mossbauer absorber atom, 

47 The process of claim 4 6, wherein said step of 
applying comprises applying a gamma ray with a 
monochromatic line . 

48 The process of claim 46, wherein said step of 
conforming includes providing a gradient magnetic 
field of . . . 

...to the applied gamma rays 



at a selected location within said organic media. 

4 9 The process of claim 4 6, wherein the step of 
conforming comprises the step of applying acoustic 
energy. . . 

. coincide with the gamma 

ray energy at the selected location, 

SUBSTITUTE SHEET 

-195 

50 The process of claim 4 91 wherein the step of 
applying an acoustic energy, comprises applying 
ultrasound energy, 

51 A process for providing spatially localized 
energy absorption in an organic medium of a 
biological system , comprising the steps of: 
administering a compound containing a Mossbauer 
absorber atom which is selectively uptaken to a 
selected location within said organic medium of said 
biological system ; 

applying gamma ray energy from a source to the 
location of selective uptake in said. . . 

. absorber 

atom at the selected locations, providing absorption 
of the gamma rays therein, 

52 The process of claim 51 wherein the Mossbauer 
absorber atom comprise bone seeking Mossbauer 
absorber atoms,, including... 

.155 Gd, 15 7 Gd, 161 Dy j , 16 3 Dy and 
14 9 Sm, 

53 The process of claim 51 wherein the step of 
administering a Mossbauer absorber atom comprises 
administering a compound containing a Mossbauer 
absorber atom, 

54 The process of claim 51.. wherein the step of 
administering comprises the step of administering a 
compound. . . 

.a Mossbauer absorber atom having 
a selected molecule bound thereto. 
SUBSTITUTE- SHEET 
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55 The process of claim 54 . , wherein said molecule 
comprises at least one of: 

a monoclonal antibody, a... 

.a derivatizing 

functionality, a catonic lipophilic dye, a colloid, 
and an aggregate molecule. 

56 The process of claim 55, wherein said 
derivatizing functionality includes hematoporphryin 



and bleomycin. 



57 The process of claim 54,, further including the 
step of binding one of the Mpssbauer absorber atom. . . 
.the molecule to a portion of the organic media at 
the selected location. 

58 The process of ...the Mossbauer 
resonance of said Mossbauer absorber atom differs 
from said applied gamma rays, the process further 
including the step of: 

conforming the Mossbauer resonance 

characteristics energy of said Mossbauer absorber. . . 
. Mossbauer 

absorption of the applied gamma rays by said 
administered Mossbauer absorber atom. 

59 The process of claim 58, further including the 
step of interacting the Mossbauer absorber atom with 
the... 

.interaction and quadrapole interaction of 
the Mossbauer absorber atom nucleus, 
SUBST 1 TUTE S146ET 

60 The process of claim 58, wherein the step of 
conforming comprises the step of applying a magnetic. 

. gamma 

- rayst permitting gamma ray energy absorption by said 
Mossbauer absorber atom. R 

61 The process of claim 58, wherein the step of 
conforming comprises .the step of applying acoustic 
energy. . . 

.absorber atom to coincide with the gamma 
ray energy at the selected loclation. 

62 The process of claim 61, wherein the step of 
applying an acoustic energy comprises applying 
ultrasound energy. 

63 A process of providing energy absorption at a 
selected target tissue in a biological system , 
comprising the steps of: 

administering a Mossbauer absorber atom to said 
biological system wherein the uptake of the Mossbaue 
absorber atom in the target tissue provides a locally. 

.resonance of 

said Mossbauer absorber atom, permitting gama ray 
absorption therein, 
SUBvTnrLrrE SHEEr 



64 A method of using the compound of claim 1 for 
medical diagnosis or treatment, , comprising the steps 
of: 

administering an effective amount of the 



compound to a biological system ; and 
selectively applying a selected frequency 
electromagnetic radiation to the biological system to 
provide Mossbauer absorption of said electromagnetic 
radiation at selected target areas within said 
biological system , P 

65 The method of claim 64 wherein said 
electromagnetic radiation comprises gamma rays* 

66 The method of claim 64, , wherein said step of 
administering comprises at least one of intravenous, , 
intramuscular, subcutaneous, intra-arterial and 
intra-articular injection of said compound. 

67 The method of claim 64, wherein said step "of 
administering comprises at least one of topical 
application and oral administration. 

68 The method of claim 64, wherein said step of 
selectively applying comprises employing 
electromagnetic radiation at a dose effective to 
eliminate cell lines causing selective necrosis at 
said target areas. 

69 The method of claim 64,, wherein said biological 
system comprises an animal; 

said target area comprises a cancer ; and 
said Mossbauer absorption by said compound 
causes cancer necrosis , 
SUBSTITUTE SHEET 
PMUS88/01'796 

70@ The method of claim 69, wherein said animal 
comprises a human. 
SUBSTITL#TE SHEET 
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Pharmaceuticals and apparatus used in combination for diagnosis and tissue necrosis applicable to provide effective 
and selective therapy using the Mossbauer absorption phenomenon. Selected pharmaceutical compounds containing a ra- 
diation absorber isotope are administered to a tissue and excited by a radiation source (50) which provides energy at the 
corresponding resonant Mossbauer absorption frequency of isotope containing pharmaceutical, where excitation effects 
nuclear transitions to cause highly selective energy absorption in the selected target tissue. For diagnostic purposes, de-ex- 
citation fluorescence of the isotope is monitored. For therapeutic purposes, the energy is converted to particle radiation by 
the isotope at the target tissue by internal conversion followed by an Auger election cascade which results in radiolysis of 
DNA resulting in lethal double strand breaks in the DNA molecules of the target tissue. The tissue selectivity is achieved 
by providing a Mossbauer absorption frequency of the target tissue which differs from that of surrounding tissue. 
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Detailed Description 

Claims 

English Abstract 

A method and an apparatus for interfering with pathological cells 
survival processes , i.e. inducing directly or indirectly apoptosis , 
on living pathological cells, by using magnetic fields without adversely 
affecting normal cells. Static (S... 

...a field frequency comprised between 1 and 1000 Hz. An apparatus for 
carrying out the method comprises means for generating static magnetic 
(S) fields crossing a working environment and/or means... 

French Abstract 

La presente invention concerne un procede et un appareil permettant 
d'entraver les processus de survie de cellules pathologiques en 
induisant directement ou indirectement 1' apoptose de cellules 
pathologiques vivantes a 1 1 aide de champs magnetiques, sans entrainer 
d'effets inde.sirables . . . 

Detailed Description 
TITLE 

APPARATUS AND METHOD FOR INTERFERING WITH PATHOLOGICAL 

CELLS SURVIVAL PROCESSES 

DESCRIPTIO 

Field of the invention 

The present invention generally relates to an 
apparatus for interfering with pathological cells 
survival processes . 



In addition, the invention relates to a 

microbiological method carried out by such apparatus for 
interfering with pathological cells survival, in 
particular cells affected by cancer and other diseases 
caused by alterations in the mechanism of cell survival. 

In particular, the interference is induced by means 

of static (S) and extremely low frequency electromagnetic 

(ELF) fields produced by the apparatus. 

Magnetic Static fields and Extremely Low Frequency 

electromagnetic fields are hereinafter referred to also as 
S and ELF, respectively. Moreover, any possible combination 
of. . . 

. . . It is known that pericellular fields and currents 
induced by an Extremely Low Frequency (ELF) 

electromagnetic field , whose frequency range is from 1 Hz 
to 300 Hz and perhaps up to 1000... 

...cell certain membrane electrochemical events which are 
important for primary biologic signal transduction and 
amplification processes . 

These biochemically mediated events then produce 
cytoplasmic second messengers and internal effectors such 
CONFIRMATION COPY. . . 

. . . 1991, 9Blanchard 
19941. 

The possibility of influencing variations of Ca" 
metabolism may lead to cell apoptosis (programmed cell 
death ) [loPreston, "Trump 19971 . 

Another physical interaction mechanism is related 
to the possibility of influencing the... 

...cell signalling pathways of the cell 

(including calcium metabolism) through a field direct 
effect on electron -spin motion of atoms and molecules 
with unpaired electrons . This influencing may affect the 
recombination ratio of a spin correlated free radical 
pair and consequently on redox signalling [ 12 Grundler 
1992; 13 Polk 1992/ 14 Walleczek and... 

. . .1992; 15 Adey 
19931. 

In particular, the spin singlet-triplet energetic 
level transition in a free radical is critical for 
increasing the recombination ratio of spin correlated 
free radical pairs. 

The possibility for low level, non thermal (with 
intensity up to 30 mT) S... 



..kinetics and efficacy of radical 

pair reactions is known from magnetochemistry ["Steiner 



1989] 



Naturally occurring free radicals have an oxygen 
or nitrogen-based ...ROS) and Reactive Nitrogen Species (RNS) 
can target proteins providing an obvious mechanistic 
explanation for free radicals -mediated, signalling events. 

These events may influence growth factors, ion transport 
(i.e. Ca" channels), transcription, apoptosis ["Lander 
19971. 

Apoptosis is a morphologically distinct form of 
programmed cell death that is connected in cell survival 

processes playing an important role during development, 
homeostasis, and in many diseases including cancer , 
acquired immunodeficiency syndrome, and neurodegenerative 
disorders, as well as in other diseases that similarly to 
those are characterised by altered cell survival 

processes . Apoptosis occurs through the activation of a 

cell -intrinsic suicide program. The basic genetic 
mechanism of apoptosis appears to be present in 
essentially all mammalian cells at all times, but the 
activation. . . 

..originate from both the 
intracellular and the extracellular environment. 

Among all the genes involved in apoptosis 
regulation, the p53 gene is receiving much attention. 

This gene, which encodes a transcription factor and is 
common in many human cancers , mediates the cellular 
responses to some environmental damage. The p53 protein 
either can temporarily stop. . . 

. . so that the 

cell can repair altered DNA, or can pilot the cell to an 
apoptotic death. 

Published data support that p53 appears in 

apoptosis through a three step process : 1) 
transcriptional induction of redox-related genes: 2) the 
formation of reactive oxygen species and 3) the oxidative 
degradation of mitochondria components, culminating in 

cell death [18Polyak 19971 . 

In addition anti-oxidative agents are combined with 
drugs in the treatment of hypoxia tumour cells " [Walch, 
19881 and in the influence of vascular growth factor 
" [Amirkhosravi, 19981. 

Moreover, published. . . 

. . fields in leukaemic 
lymphocytes but not in normal lymphocytes 22 Walleczek, 
19961. 

Altered cell survival processes come with electric 
disorders and different electrical behavior. In fact, 
rapidly proliferating and transformed cells... 



.Marino 1994]. It has also 

been shown that epithelial cells lose their 
transepithelial potential during carcinogenesis ["Davies 
1987; 26 Goller 1986 27 Capko, 19961. This different 
electrical behavior of tumor cells compared with normal 
cells is the basis for a newly proposed cancer diagnostic 
modality [28CUZ ick 19981. In addition, the concentration of 
free radicals in transformed cells and tissues is higher 
than in non-transformed ones [21S zatrowski 1991... 

.19951. 

With reference to chemotherapy all efforts are 
devoted to the target of inducing cell apoptosis in vivo 
instead of killing them, through Signal Transduction 
Directed Therapy (STDT) of cancer [12 Levin, 19981. 

Signal Transduction is a functional term that connotes 
the translation of genetic... 

.external stimuli and/or duplicate itself. Recent 
evidence suggests that alterations in the cell survival 

processes contribute to the pathogenesis of a number of 
human diseases, including cancer , viral infections, 
autoimmune diseases, neurodegenerative disorders, and AIDS. 

Treatments designed to specifically alter the apoptotic 
threshold connected with the survival processes mechanisms 
may have the potentiality to change the natural progression 
of some of these diseases ["Thompson, 19951. 

High intensity electrical, electromagnetic and 
magnetic fields have been used to destroy pathological 
cells . 

In 14 US4665898 an apparatus is described in which 
animals having malignant cells are treated by means of a 
high intensity pulsed magnetic field, in order to 
neutralise/destroy malignant cells in a selective way. 

This apparatus produces magnetic thermal fields having 
intensity comprised between... 

. and 

250 Kilohertz. 

Different ELF, thermal, continuous or pulsed fields, 

have been used for anti- cancer therapy in vitro [3'Narita, 

1997; 36Raylman, 19961 . 

In these cases the fields are of... 

.ELF low intensity electromagnetic f ields have been 
used as well to inhibit mitosis of malignant cells, such 
as in DE 4122380A1 and US 5156587. However, these 
documents describe the use. . . 

.Summary of the invention 

It is an object of the present invention to provide 

a method for interfering with cell survival processes 



(i.e. inducing apoptosis ) of living pathological cells 
(i.e. cancer cells) by using magnetic fields without 
adversely affecting normal cells. 

It is another object of the invention to provide an 
apparatus for interfering with pathological cells 
survival processes . 

The f ormer and other objects are reached by the 

method for interfering with pathological cells survival 
according to the invention whose characteristic is to 
apply to living pathological cells (i.e. cancer cells and 
cells affected by other diseases caused by alterations in 
the mechanism of cell survival) non thermal SELF magnetic 
fields to induce apoptosis in a selective way. 

For the purposes of the invention SELF fields are 
to be fields alone. 

The concept underlying the method according to the 
invention is that SELF fields interfere with cell 
signalling sustaining cell pathological behaviour inside 
pathological cells, i.e. on redox signalling through free 

radicals , thus restoring the cell survival processes , 
i.e. inducing directly or indirectly apoptosis through a 
modification of p53 gene expression. 

This method is supposed to recombine oxygen-based 

free radicals and may also be used as an anti-oxidative 
agent. It's combination with drugs in the treatment of 
hypoxia tumour cells and in the influence of vascular 
growth factor may also be considered. 

The reason why SELF fields selectively induce 

apoptosis in pathological cells (i.e. cancer cells) may be 
related to the altered electrical behaviour of 
pathological cells compared with that... 

. . normal cells . 

For these reasons SELF fields can induce directly or 
indirectly a signal programmed cell death ( apoptosis ) , in 
vitro and in vivo, without causing any adverse effect. 

In the hypothesis • that free radicals recombination 
is at the basis of the expected biological effects on 
pathological cells (i.e., anti- tumour activity) the 
transition between singlet-triplet of unpaired electron in 
oxygen based free radicals has to be considered. In fact 
this transition, which depends on the applied magnetic 
field, is critical for increasing the recombination ratio 
of a spin correlated free radical pair. However, the 
reaction centres related to the expected anti tumor 
effect are unknown and therefore the lifetime of the spin 
states and the energy splitting. . . • 

. . for 

reaching optimal condition (s) for the singlet-triplet spin 

state conversion required for the free radical 

recombination processes [ 1 3Polk 1992] . 



For these reasons, S, ELF or SELF fields have higher 
probability to. . . 

..to another aspect of the invention, an 
apparatus for selectively interfering with pathological 
cells survival processes in vitro and in vivo has the 
characteristic of comprising means for generating static 
magnetic ... ELF, S+ ELF fields can be produced 
5 that can also be repeated cyclically. 

The method according to the invention will now be 
described in more detail by way of specific examples. 
EXAMPLE 1 " 

In this experiment the capability of inducing 

apoptosis by SELF magnetic field as a function of field 
intensity and frequency was studied in... 

..field was maintained constant. 

After 3 hours the cells were treated with May- Grunwald 
Giemsa. Apoptosis was assessed by counting the number of 
apoptotic nuclei per 10 high power fields (HPF) by using 
an optic microscope. 

The amount of induced apoptosis was evaluated by the 
ratio between the number of apoptotic cells found in the 
exposure group and the number of apoptotic cells found in 
the shame-exposed group, that is the group not exposed to 
the... • ' 

..obtained in different 
exposure conditions. 
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TABLE 1 

exposure SELF field frequency field intensity (Static + apoptosis 
conditions composition (Hz) ELF rms) mT ratio 
A S (static) (0.5 + 0) 1 
B. . . 

..highly significant 
(at the t Student test) . From Table 1 we can see that the 
apoptosis effect appears at 2 mT and doubles starting from 
3 mT. 

Another important finding is that apoptosis doesn't 
depend upon SELF field frequency. In other words during 
the lifetime of the mechanism operating the biological 
effect ( apoptosis ) the ELF field is seen as essentially 
constant. This means that between the two hypothesised 
mechanism, free - radicals (occurring in a time scale of 
nano- to microsecond) and ion resonance-like mechanisms, 
the free radical one is playing the role ["Scaiano, 1994, 
40Engstrom, 19971 . 

EXAMPLE 2 

In this experiment the selective effect of SELF 
magnetic fields was verified exposing three cell lines. 



Two lines were malignant , human colon adenocarcinoma cells 



5 (WiDr) and human breast cancer cells (MCF-7) . The normal 
cell line was human lung fibroblast (MRC-5) . 

As in . . . 

.3 

exposed and three shame-exposed) for each cell line were 
exposed for 20 minutes. Apoptosis was evaluated after 3 
hours. The exposure conditions used were the R type of 
Table 1. 

The results are reported in Table 2. 
TABLE 2 

cell line apoptosis ratio 
WiDr 2.1 
MCF-7 1.4 
MRC-5 1 

As shown in Table 2 only cancer cells reported an 

apoptosis increment statistically highly significant, 
whereas the normal cell line didn't. The difference in 
percentage of apoptosis between the two cancer cell lines 
was expected due to the two different duplication times. 

In fact WiDr duplicates... 

.at t Student test. 

EXAMPLE 3 

In this example nude mice (nu/nu) bearing 
subcutaneous tumour masses were used to assess the 
influence of SELF magnetic fields on tumour growth 
inhibition. 

Each mouse was inoculated subcutaneously with 10 
million human colon adenocarcinoma cells (WiDr... 

. kV/m was also 

applied to eventually take advantage of the different 
electrical behaviour between tumoral and normal tissues 
42 

['Thornton, 1984 / Barsamian, 1987] 

In the second experiment 24 female mice... 

. shame-exposed. 

All the mice of both experiments were divided into 
experimental groups after the tumor masses for each animal 
were palpable. 

The animals were exposed for 70 minutes, once a... 

.by N.I.H. (US National Institute of Health) and 
N.C.I. (US National Cancer Institute). 

The tumor masses were measured twice a week "and their 
volume calculated in mm' according to the... 

.diameter) x (minor diameter squared)] / 2. 



After 4 weeks the animals were sacrificed and 
autopsied. Tumor masses were extracted, weighed and 
measured. Portions of tumors were used for different 
analysis, i.e. 

- immunoistochemical : Ki-67 antigen for proliferative 
index, ...staining for the 

assessment of number of mitosis; 

- ultrastructural : electron microscopy; 

- nucleic acid hybridisation: Tunel method for apoptosis 
evaluation . 

In addition, the following organs were extracted from 
each animal for histologic examination to. . . 

...axillary and inguinal limphonodes, mediastinal 
limphonodes, ovaries, skin, spleen, bone marrow, 
subcutaneous tissue (site of tumoral cell line 
implantation) as well as blood tests. 

The obtained results are reported in Table... 

...field alone 50% 50% 50% 0% 
number of mice 6 66 6 12 

extracted tumor mass volume 1323 1450 920 650 1492 
(MM) +/- 304 288 540 205 559 

extract tumor mass weight (g) 1.54 + /- 1.6 +/- 0.98 0.96 1.6 +/- 0.5 
0.22 0.39 0.56 0.25 

number of apoptotic cells per 1 0 98 + /- 115 129 129 40 
HPF 23 20 .25 26 17. . . . 

...exposure conditions 4 

(see tab. 3) shame exposed 
number of mice 12 1 2 

extracted tumor mass volume 1139 +/- 509 CM3 1914 +/- 793 CM3 
extracted tumor mass weight 1.4 +/- 0.7 g'2.1 +/- 0.6 g 

apoptosis (assessed in 50% of mice 72.5 +/- 9.3 37.0 +/- 7.4 
only) 
p53... 

...The data reported in tables 3 and 4 show that SELF 

fields have an inhibitory tumor growth effect in vivo. 

This effect, found in both experiments, was statistically 
5 highly significant... 
...related to the SELF fields treatment. 

The ultrastructural analysis by electron microscope 
showed in the tumor cells of exposed animals many cellular 
alterations: presence of apoptotic bodies and condensed 
chromatin near the nuclear membrane characteristic of 
apoptotic events. 

In addition a consistent result is represented by 
morphological modifications, increase of number and. . . 

. . .mitochondria as well as number of nucleoli, 

presence of many vacuoles inside the cytoplasm. Non 

neoplastic cells (i.e. epithelial and stromal cells) 
showed no differences between exposed and shame-exposed. . . 



..of toxicity found in 
12 normal organs examined in each animal. 
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The increment in apoptosis as well as the decrement 

in p53 gene expression found in exposed mice tumors (see 

tables 3 and 4) are statistically highly significant (t 

Student test) 

Results reported in. . . 



. .and 2. 



The effect induced by the SELF magnetic fields on p53 

expression enforces the apoptosis results and is in 

agreement with the hypothesised biophysical mechanism 

io (i.e. free radical recombination) by which the SELF fields 

have an anti- tumor effect through formation of reactive 

oxygen species and the degradation of mithocondrial 

components . 
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Claim 

1 Apparatus for selectively interfering with pathological 
cells survival processes in vitro and in vivo 
characterised in that it comprises: 

-means for generating static magnetic... 

...1 and 1000 Hz versus 
time . 

2 Apparatus for selectively interfering with pathological 
cells survival processes in vitro and in vivo 
characterised in that it comprises: 

- means for generating static magnetic. . . 

.. .predetermined function of intensity 
versus time. 

3 Apparatus for selectively interfering with pathological 
cells survival processes in vitro and in vivo 
characterised in that it comprises: 

- means for generating electromagnetic extremely ... fields for selectively 
interfering with pathological cells survival, such as in 

particular cells affected by cancer , viral infections, 
autoimmune diseases, neurodegenerative disorders, AIDS, 
etc., characterised in that said SELF non thermal... 
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(54) Apparatus and method for interfering with pathological cells survival 



(57) A method and an apparatus for interfering with 
pathological cells survival, i.e. inducing apoptosis on liv- 
ing pathological cells, by using magnetic fields without 
adversely affecting normal cells. Static (S) and 
extremely low frequency (ELF) magnetic fields are used 
having intensity comprised between 1 and 30 mT In 
particular SELF fields are used which are different 
sequences of S and/or ELF fields, i.e. S fields followed 
by ELF fields, ELF fields followed by S fields, S and ELF 
field together, as well as the presence of S or ELF fields 
alone, said ELF fields having a field frequency com- 
prised between 1 and 1000 Hz. An apparatus for carry- 
ing out the method comprises means for generating 
static magnetic (S) fields crossing a working environ- 
ment and/or means for generating electromagnetic 
extremely low frequency (ELF) fields over the working 
environment in addition to the S fields. Means are pro- 
vided for modulating the S fields and varying the inten- 
sity of the S fields from 1 to 30 mT. Means may also be 
provided for modulating the ELF fields associated to the 
ELF fields generating means and imposing to the ELF 
fields a frequency between 1 and 1000 Hz with intensity 
comprised between 1 and 30 mT. 
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